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ABSTRACT
Subsequent t o  th e  i n i t i a l  work by T h a l e r ’*" and by S k e l l  
2
and h i s  co -w orkers  , l i t t l e  work has been p u b l is h e d  which f u r t h e r  
s u b s t a n t i a t e s  th e  p a r t i c i p a t i o n  o r  l a c k  o f  p a r t i c i p a t i o n  of b r id g e d  
ha lo g e n  r a d i c a l s  in  r e a c t i o n s  o f  h a lo g e n a te d  compounds. Bridged 
bromonium io n s  have been r e p o r t e d  to  be im p o r ta n t  i n  a d d i t i o n s  o f  
hypobromous a c id  to  m e th y le n e c y c lo a lk a n e s .  A s tu d y  was t h e r e f o r e  
u n d e r ta k e n  to  a s c e r t a i n  th e  im portance  o f  b r id g e d  r a d i c a l  s p e c i e s  in  
h a lo g e n a t io n s  o f  h a lo m e th y lc y c lo a lk a n e s .
B rom ina tions  of c h lo ro m e th y lc y c lo h e x a n e ,  4 - m e th y l - 1- 
c h lo ro m e th y lc y c lo h e x a n e ,  4 -m e th y l-1 -b ro m o m eth y lcy c lo h ex an e ,  and 
c h lo ro m e th y lc y c lo o c ta n e ,  and c h l o r i n a t i o n s  of b rom om ethy lcyc lohexane , 
4 -m e th y l- l-b ro m o m e th y lc y c lo h e x a n e ,  and b rom om ethy lcyc looc tane  have 
been c a r r i e d  o u t ,  and th e  p ro d u c t  m ix tu re s  s tu d i e d  by v ap o r  phase 
chrom atography and by n u c le a r  m agne tic  r e so n a n c e  s p e c t r o s c o p y .
The p a r t i c i p a t i o n  o f  a b r id g e d  r a d i c a l  in te r m e d ia t e  
would be ex p ec ted  to  m a n i f e s t  i t s e l f  in  e i t h e r  o r  b o th  o f  two 
w ays--by  i n c r e a s i n g  th e  s u s c e p t i b i l i t y  of th e  v i c i n a l  r i n g  carbon  
t o  h a lo g e n a t io n ,  o r  by c a u s in g  rea r ra n g e m e n t  of th e  e x o c y c l ic  ha logen  
t o  a r i n g  p o s i t i o n .  In  t h i s  s tu d y ,  th e  fo rm er has  p roven  t o  be 
much more s i g n i f i c a n t  th a n  r e a r ra n g e m e n t .
The use o f  h a lo m e th y lc y c lo a lk a n e s  p r o v id e s  s u b s t r a t e s  
h a v in g  o n ly  two hydrogens on a p r im ary  carbon  and one hydrogen  on
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
a t e r t i a r y  c a rb o n ,  a s  compared w i th  te n  or more hydrogens on 
seco n d a ry  c a rb o n s ,  depend ing  upon w he ther  th e  r i n g  i s  six-membered 
o r  l a r g e r .  A lthough h a lo g e n  s u b s t i t u e n t s  may a c t i v a t e  th e  carbon 
to  w hich  th e y  a re  a t t a c h e d  ( th e  p r im ary  carbon  i n  t h i s  c a se )  and 
d e a c t i v a t e  th e  a d j a c e n t  carbon  ( th e  t e r t i a r y ) ,  t h i s  s tu d y  showed 
t h a t  m onobrom ination o f  c h lo ro m e th y lc y c lo a lk a n e s  y i e l d s  a lm ost 
e x c l u s i v e l y  the  t e r t i a r y  brom ide. T h is  r e s u l t  i n d i c a t e s  unusua l 
a c t i v a t i o n  by v i c i n a l  c h lo r in e  and may s ig n a l  p a r t i c i p a t i o n  by a 
b r id g e d  c h lo r in e  r a d i c a l  w i th o u t  a p p r e c ia b l e  su b seq u e n t  r e a r ra n g e m e n t .  
C h l o r in a t i o n  r e a c t i o n s  a re  much l e s s  s e l e c t i v e  th a n  b r o m in a t io n s ,  so 
t h e r e  i s  more seco n d a ry  s u b s t i t u t i o n .  N e v e r th e le s s ,  t h e r e  i s  an 
a p p ro x im a te ly  5 0 - fo ld  in c r e a s e  i n  th e  p r o p o r t io n  of t e r t i a r y  c h lo r id e  
formed over  what would be ex p ec ted  w i th o u t  p a r t i c i p a t i o n  o f  a b r id g e d  
s p e c i e s .  A lso ,  t h e r e  i s  a p p r e c ia b l e  rea r ra n g e m e n t  d u r in g  c h l o r i n a t i o n  
o f  brom om ethy lcyc lohexane , f o r  exam ple, to  y i e l d  1 - b ro m o - l - c h lo ro -  
me t h y 1e y e lo h e x a n e .
The iso m e r ic  v i c i n a l  b rom o-ch lo ro  compounds a re  
d i s t i n g u i s h a b l e  by t h e i r  nmr s p e c t r a ,  th e  1 -b ro m o - l - c h lo ro m e th y l ­
cyc lohexane  g iv in g  i t s  CE^CJl s i g n a l  a t  6 3 .8 9 ,  w hereas  1 - c h l o r o - l -  
brom om ethylcyclohexnne e x h i b i t s  i t s  CH^Br s i g n a l  a t  6 3 .5 5 .
v i i
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HALOGENATION REACTIONS OF HALOMETHYLCYCLOALKANES
I .  INTRODUCTION
A lthough  b r id g e d  c a t i o n s  such as  th e  bromonium io n  and
3
th e  phenonium ion  have been p o s tu l a t e d  f o r  some tim e , and a g r e a t  
d e a l  o f  work has been done to  c o n fi rm  th e  e x i s t e n c e  o f  such s p e c i e s ,  
t h e r e  has  been l i t t l e  work d i r e c t e d  tow ards th e  s tu d y  of b r id g e d  
r a d i c a l s .
P a r t i c i p a t i o n  by a b r id g e d  bromine r a d i c a l  d u r in g  
h a lo g e n a t io n  r e a c t i o n s  was f i r s t  p o s tu l a t e d  by T h a le r* *  in  c o n n e c t io n  
w i th  h i s  s t u d i e s  of th e  d i r e c t i v e  in f lu e n c e  o f  p o l a r  s u b s t i t u e n t s  
i n  f r e e  r a d i c a l  h a lo g e n a t io n s  o f  s u b s t i t u t e d  p a r a f f i n s .  He observed  
t h a t  in  b ro m in a t io n s  o f  a lk y l  b rom ides ,  the  bromine s u b s t i t u e n t  
shows a n e ig h b o r in g  group e f f e c t  in  d i r e c t i n g  bromine a t t a c k  to  
th e  a d ja c e n t  c a rb o n ,  and a v i c i n a l  d ib rom ide  i s  p ro d u ced .  T h is  
n e ig h b o r in g  group e f f e c t  would lower th e  energy  r e q u i r e d  f o r  the  
a b s t r a c t i o n  of th e  hydrogen  atom by d e l o c a l i z i n g  th e  u n p a ire d  
e l e c t r o n  in  the  t r a n s i t i o n  s t a t e :
* I t  shou ld  be p o in te d  o u t ,  however, t h a t  A b e l l  and 
P i e t t e ^  had invoked a b r id g e d  bromine r a d i c a l  mechanism t o  a c co u n t  
f o r  the  r e s u l t s  o f  t h e i r  e p r  s t u d i e s  on a d d i t i o n  of HBr t o  o l e f i n s .  
A lso ,  th e s e  w orkers  no ted  t h a t  th e  work o f  S k e l l ,  A l le n  and G ilm o u r ^
on r a d i c a l  re a r ra n g e m e n ts  in  b ro m o -a lk y l  r a d i c a l s  m ight w e l l  s u p p o r t  
a b r id g i n g  h y p o th e s i s .
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I n  th e  c a se s  o f  b rom ocyc lopen tane  and b rom ocyclohexane , T h a le r  found 
t h a t  b ro m in a t io n  l e d  to  g r e a t e r  th a n  90% of 1 ,2 -d ib ro m id e s  i n  th e  
h a lo g e n a te d  p r o d u c t ,  w hereas  c h l o r i n a t i o n  gave  l e s s  th a n  10% of th e  
1 ,2 - i s o m e r .
2
S h o r t ly  fo l lo w in g  T h a l e r ' s  work, S k e l l ,  T u le e n ,  and Readio  
found e v id e n c e  f o r  a b r id g e d  s p e c i e s  i n  h a lo g e n a t io n s  o f  l -b ro m o -2 -
m e th y lb u ta n e .  They o b se rv e d  t h a t  i n  p h o to h a l o g e n a t i o n s , c h l o r i n a t i o n  
was n o n - s e l e c t i v e  and y i e l d e d  an o p t i c a l l y  i n a c t i v e  p r o d u c t ,  w hereas  
b ro m in a t io n  was s e l e c t i v e  and r e s u l t e d  i n  t h e  fo rm a t io n  o f  an 
o p t i c a l l y  a c t i v e  p r o d u c t .  These r e s u l t s  would be  e x p e c te d  i f ,  i n  
th e  b ro m in a t io n  r e a c t i o n ,  th e  brom ine s u b s t i t u e n t  were to  a s s i s t  
th e  d e p a r t u r e  of th e  t e r t i a r y  hydrogen  atom , t h i s  a s s i s t a n c e  r e s u l t ­
ing  from th e  fo rm a t io n  o f  a b r id g e d  i n t e r m e d ia t e :








I V B r .
CH.
(I)*
Subsequent a b s t r a c t i o n  o f  th e  hydrogen  would l e a v e  a b r id g e d  r a d i c a l ,  
and i f  t h i s  b r id g e d  r a d i c a l  p e r s i s t e d  long  enough f o r  a t t a c k  by a 
bromine m olecu le  to  o c c u r ,  th e  asymmetry o f  th e  m o lecu le  would be 









CH.CH.-C-CH.Br + J /  | 2.
Br
Br ‘
At low c o n c e n t r a t i o n s  o f  b rom ine , o r  a t  t e m p e ra tu re s  
above 4 0° ,  t h e r e  i s  some r a c e m iz a t io n ,  i n d i c a t i n g  t h a t  th e  b r id g e d  
r a d i c a l  can undergo i s o m e r i z a t i o n .
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When l - c h lo r o - 2 - m e th y lb u ta n e  was p h o to b ro ra in a ted ,  a 
b r id g e d  c h lo r i n e  r a d i c a l  was a p p a r e n t l y  form ed, a s  i n d i c a t e d  by 
th e  s t e r e o s e l e c t i v i t y  o f  th e  r e a c t i o n ,  b u t  th e  bromine a t t a c k e d  
th e  t e r t i a r y  p o s i t i o n :
CH,
1 3
+ Br --------»  CH.CH -C-CH.CX + Br*
2 J 2 | I
Br
H a lo g e n a t io n s  o f  ( + ) - l -b ro m o -2 -m e th y lb u ta n e  e f f e c t e d  
by _ t-b u ty l  h y p o h a l i t e  proved t o  be n o n - s e l e c t i v e  in  c h l o r i n a t i o n  
and in c o m p le te ly  s e l e c t i v e  in  b r o m in a t io n ,  inasmuch as  th e  J :-bu toxy  
r a d i c a l  shows low d i s c r i m i n a t i o n  and i s  n o t  a s s i s t e d  in  th e  a b s t r a c t i o n  
by e i t h e r  bromine o r  c h lo r i n e  s u b s t i t u e n t s .  A f t e r  th e  a b s t r a c t i o n  
does  o c c u r ,  however, b ro m in e - -b u t  n o t  c h l o r i n e - - c a n  b r id g e ,  and i f  
such  b r id g in g  o c c u rs  b e fo r e  t h e r e  i s  r o t a t i o n  ab o u t  th e  C - t —C-2 
bond, th e n  o p t i c a l  a c t i v i t y  w i l l  be p r e s e r v e d .  In  h a lo g e n a t io n  
s t u d i e s  w i th  a c t i v e  amyl b rom ide , J : - b u ty l  h y p o c h lo r i t e  y ie ld e d  
a racem ic  m ix tu re ,  b u t  t^-bu ty l  hypobrom lte  gave an o p t i c a l l y  a c t i v e  
m ix tu re .
S k e l l  and h i s  co -w orkers  th e n  went on t o  make f u r t h e r  
use  o f  t h i s  concep t o f  a b r id g e d  bromine r a d i c a l  to  e s t a b l i s h  
t h a t  i n  a l i p h a t i c  b ro m in a t io n s  by N-brom osuccin im ide  (NBS), th e  
mechanism o f  th e  r e a c t i o n  a c t u a l l y  in v o lv e s  m o le c u la r  bromine 
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NBS and HBr:
Br ‘ + RH ■> HBr + R *
R + Br 2
RBr + Br *
NBS + HBr + su c c in im id e
A nother  sys tem  t h a t  p ro v id e s  a t e r t i a r y  hydrogen  a d ja c e n t
t o  a h a lo m e th y l  group i s  t h a t  o f  the  h a lo m e th y lc y c lo a lk a n e s ,  and 
i t  would a p p e a r  t h a t  i f  a bromine s u b s t i t u e n t  had a much g r e a t e r  
ten d e n c y  t o  b r id g e  t h a n  d id  a c h lo r in e  s u b s t i t u e n t ,  th e n  b ro m in a t io n  
o f  a c h lo ro m e th y lc y c lo a lk a n e  should  y i e l d  th e  same p ro d u c t  a s  t h a t  
o b ta in e d  i n  c h l o r i n a t i o n  of th e  c o r re s p o n d in g  b ro m om ethy lcy lcoa lkane , 
and f u r th e rm o re ,  th e  c h l o r i n a t i o n  o f  th e  bromo-compound shou ld  be 
more s e l e c t i v e  th a n  would e i t h e r  c h l o r i n a t i o n  o r  b ro m in a t io n  of 
th e  c o r re s p o n d in g  ch lo ro -com pound :
+
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In  e s t a b l i s h i n g  i d e n t i t i e s  o f  t h e s e  p r o d u c t s ,  however,
i t  would be n e c e s s a ry  t o  have u n e q u iv o c a l  s y n th e s e s  t o  r e l y  on f o r
com parison , b u t  few o f  t h e s e  a r e  a v a i l a b l e .  I n  h i s  s t u d i e s  of
" E f f e c t s  o f  Ring S ize  on A d d i t io n  R e a c t io n s  o f  M e th y le n e c y c lo a lk a n e s " ,  
6 7P a s c u a l  ’ r e p o r t e d  t h a t  a d d i t i o n s  o f  HOCA and HOBr t o  m ethy lene-  
cyc lohexane  gave e x c l u s i v e l y  non-Markownikov a d d i t i o n  le a d in g  to  
1 -h a lo -1 -h y d ro x y m e th y lc y c lo h e x a n e s ,  in  agreem ent w i th  th e  p re v io u s  
s t u d i e s  of t h i s  r e a c t i o n  c a r r i e d  out by T i f f e n e a u ,  W e i l l ,  and
g
Tchoubar . The same brom ohydrin  i s  o b ta in e d  when one u se s  
N-brom osuccin im ide  in  aqueous m edia . I n  th e  c a se  of th e  brom ohydrin , 
P a s c u a l  a t t r i b u t e d  t h i s  e f f e c t  p r i m a r i l y  t o  th e  fo rm a t io n  o f  a c y c l i c
9
bromonium io n  i n  th e  t r a n s i t i o n  s t a t e  , w hereas  in  th e  case  of the  
c h lo r o h y d r in ,  th e  non-Markownikov a d d i t i o n  was a t t r i b u t e d  t o  th e  
c o m p e t i t io n  between th e  h y p e rc o n ju g a t iv e  e f f e c t  and r i n g  s t r a i n ,  
so t h a t  i f  th e  form er i s  p redom inan t in  y i e l d i n g  an u n fa v o ra b le  
t r a n s i t i o n  s t a t e ,  i t s  d e s t a b i l i z a t i o n  e ne rgy  w i l l  overshadow th e  
s t a b i l i z i n g  e ne rgy  of a t e r t i a r y  carbonium  io n .
Even though th e  ev id en ce  f o r  the  r e l a t i v e  p o s i t i o n s  of 
th e  OH and th e  Br i s  good in  th e s e  compounds, s t i l l  i t  would be 
d e s i r a b l e  t o  have a l s o  a method o f  p ro d u c in g  th e  brom ohydrin  w i th  
normal o r i e n t a t i o n  (p r im a ry  b ro m id e ) .  H.C. B ro w n ^  f in d s  t h a t  in  
aqueous medium, t r e a tm e n t  o f  m ethy lenecyc lohexane  w i th  m e rc u ry ( I I )  
a c e t a t e  r e s u l t s  in  an  a d d i t i o n  which c o rre sp o n d s  to  a Markownikov
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a d d i t i o n  o f  a c e t a to r a e r c u r y ( I I )  h y d ro x id e ;  su b seq u e n t  r e d u c t io n  of 
th e  a d d i t i o n  p ro d u c t  w i th  sodium b o ro h y d r id e  y i e l d s  e x c l u s i v e l y  
1 -m e th y lc y c lo h e x a n o l .  I t  fo l lo w s  t h a t  i f ,  i n s t e a d  o f  r e d u c t io n  of 
th e  i n t e r m e d ia t e ,  a r e p la ce m e n t  o f  th e  ace toxym ercu ry  group by 
brothine i s  c a r r i e d  o u t ,  th e  d e s i r e d  1 -b ro m o m e th y l- l-c y c lo h e x a n o l  
shou ld  be form ed. I s o l a t i o n  o f  th e  two d i s t i n c t  b rom ohydrins  would 
th u s  pave th e  way f o r  h a lo g e n a t io n s  w i th  PBr^ and SOCj^ to  o b t a in  
u n e q u iv o c a l ly  th e  d e s i r e d  1 -c h lo ro - l -b ro m o m e th y lc y c lo h e x a n e  and 
1 -b rom o-1 - c h lo ro m e th y lc y c lo h e x a n e .
Aside from s y n t h e t i c  p r o c e d u re s ,  two i n s t r u m e n ta l  t e c h n iq u e s
have r e c e n t l y  been  shown t o  o f f e r  d e f i n i t e  in fo r m a t io n  abou t s t r u c t u r e s
o f  th e s e  t y p e s .  I n  th e  case  o f  th e  h a lo g e n a te d  compounds, th e
te c h n iq u e  of n u c le a r  qu ad ru p o le  reso n a n c e  s p e c t ro s c o p y  now makes i t
p o s s ib l e  to  d i s t i n g u i s h  betw een r e l a t i v e  p o s i t i o n s  o f  d i f f e r e n t
h a lo g e n  atoms i n  a m o le c u le .  M a n a t t ^  has  r e c e n t l y  dem o n s tra ted  
19th e  use  o f  F nmr chem ica l  s h i f t s  f o r  th e  c l a s s i f i c a t i o n  of a l c o h o l s .  
When a lc o h o l s  a re  c o n v e r te d  t o  the  c o r r e s p o n d in g  t r i f l u o r o a c e t a t e s ,  
t h e i r  c l a s s i f i c a t i o n  has  a marked e f f e c t  on th e  o r d e r  o f  s h i e l d i n g ,  
and th e  o rd e r  found i s  a lw ays p < s < t .  I f  th e  spec trum  i s  t a k e n ,  
f o r  exam ple, w i th  e t h y l  t r i f l u o r o a c e t a t e  as  an i n t e r n a l  r e f e r e n c e ,  
th e n  a l l  o th e r  p r im a ry  t r i f l u o r o a c e t a t e s  a re  do w n fie ld  from th e  
r e f e r e n c e  by 2-17 Hz, a l l  seco n d a ry  t r i f l u o r o a c e t a t e s  a r e  u p f i e l d  
by 3-15 Hz, and a l l  t e r t i a r y  t r i f l u o r o a c e t a t e s  a r e  u p f i e l d  by
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
30-36 Hz. Hence c o n v e rs io n  o f  th e  two brom ohydrins  o b ta in e d  from 
m ethy lenecyc lohexane  t o  t h e i r  t r i f l u o r o a c e t a t e s  shou ld  make p o s s ib l e  
th e  f u r t h e r  c o n f i r m a t io n  o f  t h e i r  i d e n t i t i e s  a s  p r im ary  o r  t e r t i a r y  
a l c o h o l s .
The i n v e s t i g a t i o n  d e s c r ib e d  i n  t h i s  d i s s e r t a t i o n  was an  
a t t e m p t  t o  e s t a b l i s h  th e  s t r u c t u r e s  o f  th e  p r o d u c t s  formed in  
h a lo g e n a t io n  r e a c t i o n s  o f  h a lo m e th y lc y c lo a lk a n e s ,  and from them to  
a s c e r t a i n  w he the r  t h e r e  i s  any i n d i c a t i o n  o f  h a lo g e n  b r id g in g  
i n  th e  i n te r m e d ia t e  r a d i c a l .  I f  t h e r e  i s  b r id g i n g  o f  th e  r a d i c a l ,  
th e n  b ro m in a t io n  o f  th e  c h lo r i d e s  should  y i e l d  th e  same p ro d u c t  
a s  does c h l o r i n a t i o n  o f  the  b ro m id e s .  The h a lo g e n a t io n s  c a r r i e d  
o u t  were b ro m in a t io n s  o f  c h lo ro m e th y lc y c lo h e x a n e ,  4 - m e th y l - 1- 
c h lo ro m e th y lc y c lo h e x a n e ,  4 -m e th y l-1 -b ro m o m eth y lcy c lo h ex an e ,  and 
c h lo r o m e th y lc y c lo o c ta n e ,  and c h l o r i n a t i o n s  o f  b rom om ethy lcyc lohexane , 
4 -m e th y l-1 -b ro m o m e th y lc y c lo h e x a n e ,  and b ro m o m eth y lcy c lo o c tan e .
Samples o f  h a lo g e n a te d  compounds used f o r  com parison  pu rp o ses  
were s y n th e s iz e d  by a d d i t i o n s  o f  bromine and c h lo r i n e  to  m e th y l ­
enecyc lohexane  and m e th y le n e c y c lo d e c an e ,  a d d i t i o n s  of bromine 
c h lo r i d e  and hypobromous a c id  t o  m e th y le n e c y c lo h e x a n e ,  c h lo r o -  
d e h y d ro x y la t io n  o f  m eth y len ecy c lo h ex an e  b rom ohydrin , and e s t e r -  
i f i c a t i o n s  o f  1 -m e th y l-1 -c y c lo h e x a n o l  and m eth y len ecy c lo h ex an e  
b rom ohydrin .
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I I .  EXPERIMENTAL
I .  P r e p a r a t i o n  o f  h a lo m e th y lc y c lo a lk a n e s
A. B rom om ethy lcyc loa lkanes
1. Bromomethylcyclohexane
2 . 4 -M ethy l-1 -b rom om ethy lcyc lohexane
3 . B rom om ethylcyclooctane
B. C h lo ro m e th y lc y c lo a lk a n e s
1. C h lo rom ethy lcyc lohexane
2. 4 -M eth y l- l -ch lo ro m eth y lcy c lo h ex an e
3. C h lo ro m e th y lc y c lo o c ta n e
I I .  H a lo g e n a t io n s  o f  h a lo m e th y lc y c lo a lk a n e s
A. B rom ina tions  o f  ch lo ro m e th y lc y c lo h ex a n e
B. O ther  b ro m in a t io n s
1. 4 -M e th y l -1 - c h lo ro m e th y lc y c lo h ex a n e
2. 4 -M ethy l-1 -b rom om ethy lcyc lohexane
3. C h lo ro m e th y lc y c lo o c ta n e
C. C h l o r in a t i o n s
1. Brom omethylcyclohexane
2. 4 -M ethy l-1 -b rom om ethy lcyc lohexane
3. B rom om ethy lcyclooctane
I I I .  A d d i t io n s  of h a lo g e n s  t o  m e th y le n e c y c lo a lk a n e s
A. Bromine c h lo r i d e
1. M e thy lenecyc lohexane
B. Bromine
1. M ethy lenecyc lohexane
2. M ethy lenecyc lodecane
C. C h lo r in e
1. M ethy lenecyc lohexane
2. M e thy lenecyc lodecane
IV. D eh y d ro h a lo g e n a tio n  of 1 -b ro m o - l -c h lo ro m e th y lc y c lo h e x a n e
V. P r e p a r a t i o n  o f  b rom ohydrins
A. U sing  N -brom osuccin im ide
B. By o x y m erc u ra t io n  and b ro m in a t io n
V I. P r e p a r a t i o n  o f  1 - m e th y l-1 -c y c lo h e x a n o l
V I I .  A lcoho l c l a s s i f i c a t i o n  t e s t s
9
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I .  P r e p a r a t i o n  of h a lo m e th y lc y c lo a lk a n e s :
12A. Bromome t h y 1c y c 1oa lkane  s :
The a p p r o p r i a t e  c y c lo a lk a n e m e th a n o l  ( 0 .5  mole) was pu t 
i n t o  a 200 m l . ,  3 -neck  f l a s k  equ ipped  w i th  s t i r r e r  and a d d i t i o n  
f u n n e l ,  and th e  f l a s k  was pu t  in  a c o o l in g  b a th  to  m a in ta in  th e  
r e a c t i o n  te m p e ra tu re  a t  - 5 °  t o  5°C. By means o f  th e  a d d i t i o n  
f u n n e l ,  0 .167  mole (4 5 .1  g . o r  16 .0  m l . )  o f  phosphorus  t r ib ro m id e  
was added over  a p e r io d  o f  1-2  h o u r s .  W ith  the  f l a s k  s t i l l  i n  th e  
c o ld  b a th ,  s t i r r i n g  was c o n tin u e d  f o r  a n o th e r  two h o u r s ,  and th e  
r e a c t i o n  m ix tu re  was th e n  a llow ed  t o  s ta n d  o v e rn ig h t  a t  room 
t e m p e ra tu re .
Excess  PBr^ was d e s t ro y e d  by means o f  slow a d d i t i o n  of 
i c e ,  w i th  s t i r r i n g ,  u n t i l  t h e r e  was no f u r t h e r  e f f e r v e s c e n c e .  The 
m ix tu re  was e x t r a c t e d  w i th  p en tane  ( o r  p e tro le u m  e t h e r ) ,  and the  
p e n ta n e  l a y e r  was t h e n  e x t r a c t e d  w i th  s a t u r a t e d  sodium b ic a r b o n a te  
s o l u t i o n ,  washed w i t h  w a te r ,  and d r i e d  over  magnesium s u l f a t e .
F o r  th e  d i s t i l l a t i o n ,  th e  p en tane  was f i r s t  removed a t  
reduced  p r e s s u r e  (w a te r  a s p i r a t o r )  a t  s o l u t i o n  t e m p e ra tu re s  below 
3 5° .  A f t e r  most o f  th e  pe n ta n e  had been removed, the  d i s t i l l a t i o n  
was com pleted  a t  low er p r e s s u r e s  (vacuum pump).
I n  t h i s  way, th e  f o l lo w in g  compounds were p r e p a r e d ,  
[ i n f r a r e d  (IR) and n u c le a r  m agne tic  re so n a n c e  (nmr) s p e c t r a  and 
v a p o r  phase chromatograms (vpc) (where p e r t i n e n t )  f o r  each  compound, 
may be found i n  A ppendices  I ,  I I ,  and I I I ,  r e s p e c t i v e l y ,  by use of 
th e  r e f e r e n c e  numbers in c lu d e d  w i th  th e  d e s c r i p t i o n  o f  th e  compound].
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1. B rom om ethylcyclohexane:*  (M.W. 177.09)
Y ie ld :  61%
A n a ly s i s :  c a l c .  - %C, 4 7 .4 8 ;  %H, 7 .4 0 ;  %Br, 45 .12
found - %C, 4 7 .6 3 ;  %H, 7 .61
B . p . : 88-93° (36-40  mm.)**; 27-32° ( 0 . 1 - 0 . 2  mm.)
n^4 1.4918 IR, nmr: T-4
2. 4 -M ethy l-1 -b rom om ethy lcyc lohexane :  (M.W. 191 .12)
Y ie ld :  50%
A n a ly s i s :  c a l c .  - %C, 5 0 .2 8 ;  %H, 7 .9 1 ;  %Br, 41.81
found -  %C, 5 0 .0 8 ;  %H, 7 .99
B .p . :  61-62° ( 0 .3  mm.)
n£5 1.4830 IR, nmr: T-5
3. B rom om ethy lcyc looc tane :  (M.W. 205.15)
Y ie ld :  52%
A n a ly s i s :  c a l c .  - %C, 5 2 .6 9 ;  %H, 8 .3 5 ;  %Br, 38 .95  
found - %C, 5 2 .5 7 ;  %H, 8.49
B .p . :  53-55° ( 0 . 2 - 0 . 3  mm.)
n ^ 5 1 .5054  IR, nmr: T-6
B. C h lo r o m e th y lc y c lo a lk a n e s :
1 .  C h lo ro m e th y lcy c lo h ex an e :  (M.W. 132.64)
P r e v io u s ly  p u r i f i e d * * *  th io n y l  c h lo r i d e  ( 0 .8  m ole, 9 5 .8  g . ,
5 8 .4  m l . )  was added s lo w ly  w i th  s t i r r i n g  to  0 .616  mole ( 7 0 .4  g . )  of
13* A lso  p re p a re d  i n  l e s s e r  y i e l d ,  w i th  anhydrous HBr
-  14** Perlm an , D avidson , and B ogert  r e p o r t  y i e l d  of 78%,
b . p .  82-83° (26 mm.), and n25 1 .4906 .
*** B efo re  d i s t i l l a t i o n ,  one p a r t  o f  raw l i n s e e d  o i l  i s  
added f o r  f i v e  p a r t s  of t h io n y l  c h l o r i d e .  The th io n y l  c h lo r i d e  may 
be r e n d e re d  even more pure  by d i s t i l l a t i o n  from q u in o l in e  b e fo r e  t h e  
t r e a tm e n t  w i th  l in s e e d  o i l . l °
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cy c lohexanem ethano l  c o n ta in e d  i n  a 300 m l. f l a s k .  When a l l  t h e  SOCil^ 
had been  added , t h e  m ix tu re  was r e f l u x e d  f o r  t h r e e  h o u rs  and th e n  a l ­
lowed to  s ta n d  o v e r n i g h t .
A t o t a l  o f  a bou t  100 m l. of c o n c e n t r a t e d  H^SO^ was added 
s lo w ly ,  w i th  v ig o ro u s  s h a k in g .  A f t e r  t h i s  m ix tu re  had c o o le d ,  50 m l. 
o f  p e n ta n e  was added . F o l lo w in g  s e p a r a t i o n  of t h e  l a y e r s ,  th e  aqueous
p o r t i o n  was tw ic e  more e x t r a c t e d  w i th  50 m l. p o r t i o n s  of p e n ta n e .  The
combined p e n ta n e  e x t r a c t s  were washed once w i th  50 m l. of s a t u r a t e d  
NaHCOg s o l u t i o n ,  th e n  tw ic e  w i th  25 m l. p o r t i o n s  o f  w a te r .  The washed 
p e n ta n e  s o l u t i o n  was d r i e d  over  MgSO^ b e f o r e  d i s t i l l a t i o n .
Y ie ld :  59 .5  g .  (72.8% of t h e o r e t i c a l )
A n a ly s i s :  c a l c .  -  %C, 6 3 .3 9 ;  %H, 9 .8 8 ;  %C£, 26.73
found -  %C, 6 2 .5 0 ;  %H, 9 .93
B .p . :  75-80° (38-33  mm.)
24n^ 1 .4670 IR, nmr: T-7
2. 4 - M e th y l - l - c h lo ro m e th y lc y c lo h e x a n e :  (M.W. 146 .66 )
P r e v io u s ly  p u r i f i e d  t h i o n y l  c h l o r i d e  (1 .5  m o le s ,  168 .5  g . ,  
118 m l . )  was added to  1 .0  mole (1 2 8 .2  g . )  o f  4 -m e th y lc y c lo h e x a n e -  
m e th a n o l ,  w i th  s t i r r i n g  a t  room t e m p e ra tu re ,  o v e r  a p e r io d  o f  two 
h o u r s .  The m ix tu re  was r e f l u x e d  f o r  t h r e e  h o u rs  and th e n  a llow ed  
to  s ta n d  o v e r n ig h t .
B e fo re  d i s t i l l a t i o n ,  th e  m ix tu r e ,  w i th o u t  f u r t h e r  t r e a tm e n t ,  
was s u b je c t e d  to  red u c e d  p r e s s u r e  w i t h  an  a s p i r a t o r  to  remove HC&
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and SC^* F i n a l  d i s t i l l a t i o n  was c a r r i e d  ou t  a t  low er p r e s s u r e s  
o b ta in e d  w i th  a vacuum pump.
Y ie ld :  120 .9  g .  (82.5% o f  t h e o r e t i c a l )
A n a ly s i s :  c a l c .  - %C, 6 5 .5 2 ;  %H, 1 0 .3 1 ;  %CX, 24.17
found - %C, 6 5 .1 1 ;  %H, 10 .40
B .p . :  46 -52°  ( c a .  3 mm.)
n£4 1 .4586 IR, nmr: T-8
3 . C h lo ro m e th y lc y c lo o c ta n e :  (M.W. 160 .69)
E s s e n t i a l l y  th e  same p ro ce d u re  a s  t h a t  f o r  th e  p re c e d in g  
compound was used w i th  10 .5  g . (0 .0 7 3 8  mole) o f  c y c lo o c ta n e m e th a n o l .
Y ie ld :  9 .6 9  g .  (81.7% of t h e o r e t i c a l )
A n a ly s i s :  c a l c .  - %C, 6 7 .2 7 ;  %H, 1 0 .6 6 ;  %CA, 22.06
found - %C, 6 6 .7 3 ;  %H, 10.69
B .p . :  46 -52°  ( 0 .6  mm.)
n^4 ,5  1 .4834  IR, nmr: T-9
I I .  H a lo g e n a t io n s  o f  j ia lo m e th y lc y c lo a lk a n e s :
A. B rom ina tions  o f  c h lo ro m e th y lc y c lo h e x a n e :
1. Bulk a d d i t i o n s  o f  brom ine:
C h lo rom ethy lcyc lohexane  (21 .97  g . ,  0 .166  mole) and 5 ml. 
( c a .  0 .1  mole) o f  bromine were p u t  i n  a q u a r t z  tu b e  equ ipped  w i th  
a r e f l u x  c o n d e n se r ,  and th e  sys tem  was i r r a d i a t e d  by means o f  a 
S y lv a n ia  RS sunlamp f o r  a p p ro x im a te ly  6 h o u r s .  D i s t i l l a t i o n  o f  th e  
r e a c t i o n  m ix tu re  gave an a p p ro x im a te ly  45% y i e l d  o f  th e  monobromo 
d e r i v a t i v e ,  b . p .  53° ( 0 .2 5  mm.).
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2. Slow a d d i t i o n  of brom ine:
C h lo rom ethy lcyc lohexane  (1 3 .2 6  g . , 0 .1  mole) was d i s s o lv e d  
i n  40 m l. of CCX^ i n  a l a r g e  q u a r t z  t e s t  tube  equ ipped  w i t h  a r e f l u x  
c o n d e n se r  and a gas i n l e t  t u b e .  The t e s t  tube  was suspended i n  a 
Rayonet r e a c t o r  w i th  2537 8 r a d i a t i o n ,  and th e  b rom ine was a d m it te d  
by means o f  a n i t r o g e n  s tr e a m  p a s s in g  th ro u g h  5 .1 2  ml. (0 .1  mole) 
o f  l i q u i d  b rom ine . A lthough  a l l  th e  bromine had been  in t ro d u c e d  
w i t h i n  5-6  h o u r s ,  th e  i r r a d i a t i o n  was c o n tin u e d  f o r  a t o t a l  o f  
24 h o u r s .  The r e a c t i o n  m ix tu re  was no t  d i s t i l l e d ,  b u t  vpc and nmr 
a n a l y s i s  o f  th e  c rude  m a t e r i a l  i n d i c a t e d  an a p p ro x im a te ly  637. y i e l d  
o f  th e  monobromo p r o d u c t ,  a t  l e a s t  85-907. of w hich  was th e  1-bromo 
d e r i v a t i v e ,  and o n ly  a t r a c e  was bromomethyl d e r i v a t i v e .
IR , nmr, v p c :  T-10
B. O ther  b r o m i n a t i o n s :
The above a r e  two s p e c i f i c  p ro c e d u re s  t h a t  seemed to  be 
q u i t e  s a t i s f a c t o r y .  V a r i a t i o n s  o f  th e s e  methods in c lu d e d  th e  use 
o f  a sm a ll  Pyrex  f l a s k  w i th  a t a l l  a i r  c o n d e n se r ,  b o th  f o r  th e  
b u lk  and th e  g r a d u a l  a d d i t i o n s  o f  brom ine , bu t  y i e l d s  were v e ry  
p o o r .  A lthough  n o t  used i n  th e  fo l lo w in g  b r o m in a t io n s ,  t h e  above 
method A-2 i s  p ro b a b ly  th e  b e s t  method and would be g e n e r a l l y  
a p p l i c a b l e .  The n i t r o g e n  s tre a m  was passed  th ro u g h  a g l y c e r in e  
b u b b le r  f o r  r a t e  c o n t r o l ,  and th e  slow s t r e a m  o f gas p ro v id e d  a 
good m ixing  a c t i o n  f o r  the  r e a c t i o n .  I t  a l s o  a s s u r e d  slow a d d i t i o n  
o f  th e  b rom ine . No one s p e c i f i c  method was used f o r  a l l  o f  th e
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f o l lo w in g  b r o m in a t io n s ,  and none o f  th e  p r o d u c t s  was a c t u a l l y  i s o l a t e d  
i n  a h ig h ly  p u re  s t a t e .
1. 4 -M e th y l - l - c h lo r o m e th y lc y c lo h e x a n e :
I n  one ru n ,  th e  b u lk  a d d i t i o n  o f  10 m l. ( c a .0 .1 9  mole) 
of brom ine to  28 .3  g .  (0 .193  mole) o f  4 - m e th y l - l - c h lo r o m e th y l -  
cyc lohexane  was fo l lo w e d  by 6 h ou rs  i r r a d i a t i o n  w i th  a S y lv a n ia  RS 
sunlam p. The m ix tu re  was th e n  a llow ed  to  s ta n d  o v e r n i g h t ,  a f t e r  
which th e  sunlamp was a p p l i e d  f o r  ab o u t  4 more h o u r s .  F i n a l l y ,
2537 R r a d i a t i o n  was a p p l i e d  f o r  6 h o u r s .  A t o t a l  of o n ly  abou t 
4 .5  g . ( a p p ro x im a te ly  11% y i e l d )  of m onobrominated p ro d u c t  was 
o b t a in e d .  From th e  vpc a n a l y s i s  of t h e  f r a c t i o n s ,  t h e  p ro d u c t  
a p p eared  to  be abou t 40% 4 -m e th y l - l -b ro m o - l - c h lo ro m e th y lc y c lo h e x a n e  
and abou t  60% l - m e th y l - l -b r o m o -4 - c h lo r o m e th y lc y c lo h e x a n e .  These 
a ss ig n m e n ts  were based  on th e  nmr s p e c t r a .  ■ The spec trum  ( T - l l )  
f o r  th e  4 -m e th y l - l - b ro m o - l - c h lo r o m e th y lc y c lo h e x a n e  shows a sh a rp  
m ethy lene  s i n g l e t  a t  6 3 .8 9  and th e  m ethy l  d o u b le t  a t  6 0 .9 3 - 0 .9 4  
(J  = 5 .7  H z), w hereas  t h a t  f o r  th e  l - m e th y l - l - b r o m o - 4 - c h lo r o -  
m e th y lc y c lo h ex a n e  (T-12) has  a s i n g l e t  a t  6 1 .97  which i s  a s s ig n e d  
to  m ethy l  3 to  a h a lo g e n a te d  c a rb o n .  A c t u a l l y ,  a s  p o in te d  o u t  in  
th e  D is c u s s io n  of R e s u l t s  on p . 41, T-12 i s  o b v io u s ly  th e  spec trum  
of a m ix tu re ,  and i s  too  c o m p l ic a te d  to  i n t e r p r e t  a c c u r a t e l y .
I n  a n o th e r  r u n ,  w i th  slow a d d i t i o n  o f  b rom ine , th e  y i e l d  
was i n c r e a s e d  to  abou t  26%, and 4 - m e th y l - l - b r o m o - l - c h lo r o m e th y l -  
cyc lohexane  was th e  on ly  p r o d u c t .  In  a f i n a l  ru n  i n  which 2537 R
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r a d i a t i o n  was u s e d ,  t h e  y i e l d  was i n c r e a s e d  to  a b o u t  55%.
For 4 - m e th y l - l - b ro m o - l - c h lo r o m e th y lc y c lo h e x a n e :
M.W.: 225.56
D i s t i l l a t i o n  ra n g e :  53-61° (0 .4  mm.)
IR, nmr: T - l l
2. 4 -M e th y l- l -b ro m o m e th y lc y c lo h e x a n e :
The slow a d d i t i o n  of brom ine was used  to  i n t r o d u c e  2 .56  ml. 
(0 .05  mole) of brom ine i n t o  9 .55  g .  (0 .05  mole) of 4 - m e t h y l - l -  
b rom om ethy lcyc lohexane . The 2537 R r a d i a t i o n  was a p p l i e d  f o r  abou t  
21 h o u r s .  D i s t i l l a t i o n  e f f e c t e d  on ly  poor s e p a r a t i o n ,  b u t  from th e
f r a c t i o n  w e ig h ts  and t h e i r  vpc p l o t s ,  i t  was e s t im a te d  t h a t  th e  t o t a l
monobromo p ro d u c t  o b ta in e d  was abou t  3 g . ,  r e p r e s e n t i n g  a y i e l d  of 
abou t  22%. Most of t h i s  p ro d u c t  was 4 -m e th y l- l -b ro m o - l-b ro m o m e th y l-  
c y c lo h e x a n e ,  a l th o u g h  t h e r e  was a l s o  some of t h e  1 -m e th y l- l -b ro m o -  
m e th y lcy c lo h ex an e  p r e s e n t .
For 4 -m e th y l- l -b ro m o - l-b ro m o m e th y lc y c lo h e x a n e :
M.W.: 270.02
A n a ly s i s :  c a l c .  -  %C, 3 5 .5 9 ;  %H, 5 .2 3 ;  %Br, 59.19
found -  %C, 3 5 .5 9 ;  %H, 5 .3 0
D i s t i l l a t i o n  ra n g e :  58-66° ( c a .  1 mm.)
IR, nmr: T-13
3. C h lo ro m e th y lc y c lo o c ta n e :
The slow a d d i t i o n  o f  brom ine was used  to  in t r o d u c e  1 .32  ml. 
(0 .0258 m ole) o f  brom ine i n t o  4 .1 4  g .  (0 .0258  m ole) o f  c h lo ro m e th y l ­
c y c lo o c ta n e  i n  a sm a l l  Pyrex  f l a s k .  A vpc a n a l y s i s  of th e  r e a c t i o n
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m ix tu re  f a i l e d  to  show any h a lo g e n a t io n  p r o d u c t ,  b u t  t h e  nmr spec trum  
showed t h a t  t h e r e  was an a p p ro x im a te ly  35% y i e l d  of th e  1 -b ro m o - l -  
c h lo r o m e th y lc y c lo o c t a n e . See D is c u s s io n  of R e s u l t s , p . 48.
M.W.: 239.59 nmr: T-14
C. C h l o r i n a t i o n s :
J u s t  a s  w i th  t h e  b ro m in a t io n  r e a c t i o n s ,  s e v e r a l  c h l o r i n a t i o n  
p ro c e d u re s  were t r i e d ,  and th e  most s u c c e s s f u l  ones were ru n  i n  a 
q u a r t z  t e s t  tu b e  suspended  in  a Rayonet r e a c t o r  equ ipped  f o r  2537 & 
r a d i a t i o n .  The c h l o r i n e  was a d m i t te d  i n  a n i t r o g e n  s t r e a m  which 
p a s se d  th ro u g h  a l a r g e  c a p i l l a r y  ( c a .  1-2 mm.) b u b b le r  tu b e  d ip p in g  
below th e  s u r f a c e  o f  th e  l i q u i d  c h l o r i n e  h e ld  i n  a tu b e  suspended  i n  
a Dry I c e - i s o p r o p y l  a l c o h o l  b a t h .  The l i q u i d  c h l o r i n e  was o b ta in e d  
s im ply  by a d m i t t i n g  gaseo u s  c h l o r i n e  i n t o  th e  c h i l l e d  tu b e .
A gain , how ever, no one method was u sed  f o r  a l l  ru n s  of 
t h e  fo l lo w in g  c h l o r i n a t i o n s ,  so p r o c e d u r a l  d e t a i l s  a r e  g iv e n  f o r  
two s u c c e s s f u l  ru n s  f o r  th e  f i r s t  c a s e ,  and one ru n  each  f o r  th e  
o t h e r s .
1. B rom om ethylcyclohexane -------------------- 1 - c h lo r o - l -b r o m o m e th y l -
cy c lo h e x a n e  (M.W. 211 .54) 
A 50 m l . ,  2 -n ec k  P yrex  f l a s k  equ ipped  w i th  gas  b u b b le r  
and a i r  c o n d e n se r ,  and c o n ta in in g  10 .46  g .  (0 .0 6  m ole) of 
b rom om ethy lcyc lohexane , was suspended  i n  an  i c e  b a th  ove r  a m ag n e t ic  
s t i r r e r .  By means o f  a n i t r o g e n  s t r e a m ,  a p p ro x im a te ly  1 -1 /2  m l.  of
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l i q u i d  c h l o r i n e  suspended i n  a Dry I c e - i s o p r o p y l  a l c o h o l  b a t h  was 
v a p o r i z e d  and pa s se d  i n t o  t h e  b romomethylcyc lohexane  ove r  a p e r i o d  
o f  1 /2  h o u r .  Meanwhile t h e  f l a s k  was i r r a d i a t e d  by means of  a S y l v a n ia  
RS sunlamp p l a c e d  a bou t  7" away from i t .  D i s t i l l a t i o n  y i e l d e d  one 
f r a c t i o n  ( se e  vpc T -15 -a )  which  was e s s e n t i a l l y  a m i x t u r e  of  p r im a r y ,  
s e c o n d a r y ,  and t e r t i a r y  m o n o c h l o r i e s .  (See D i s c u s s i o n  of  R e s u l t s , 
p p . 33 f f . )
Y i e ld :  3 .78  g.  (29.8% of  t h e o r e t i c a l )
IR,  nmr, vpc :  T-15
A second method u t i l i z e d  s u l f u r y l  c h l o r i d e  as  t h e  c h l o r i n ­
a t i n g  a g e n t .  A m i x t u r e  of  17 .71  g.  ( 0 . 1  mole)  of  b romom ethy lcyc lo ­
hexane ,  12 .15  g.  (0 .09  mole)  o f  s u l f u r y l  c h l o r i d e ,  and 0 .1  g .  of 
b e n z o y l  p e r o x i d e  i n  a 50 ml.  f l a s k  was r e f l u x e d  f o r  1 /2  h o u r .  The 
m i x t u r e  was t h e n  poured  i n t o  25 m l . of  i c e  w a t e r  i n  a s e p a r a t o r y  
f u n n e l ,  and a f t e r  s e p a r a t i o n ,  t h e  o i l  l a y e r  was washed 3 t im es  w i t h  
15 ml.  p o r t i o n s  of  5% HaHCO^. A f t e r  a  f i n a l  w a t e r  wash,  t h e  o i l  was 
d r i e d  ove r  MgSO^ and d i s t i l l e d .  Some m a t e r i a l  was a c c i d e n t a l l y  l o s t ,  
b u t  abou t  5 g .  o f  p r o d u c t  ( c a .  25% y i e l d )  b o i l i n g  i n  t h e  46-51° r a n g e  
a t  0 .15  mm. was o b t a i n e d .
2. 4 - M e th y l - l -b rom om e thy lc yc lohe xane   4 - m e t h y l - l - c h l o r o - l -
bromomethy lcyc lohexane  (M.W. 225 .56)  
4 - M e th y l - l -b rom om e thy lc yc lohe xane  (27 .78  g . ,  0 .145 mole) 
was p u t  i n  a q u a r t z  t e s t  t u b e  suspended  i n  an  i c e  b a t h ,  and abou t
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3 ml. o f  l i q u i d  c h l o r i n e  was added d i r e c t l y .  I r r a d i a t i o n  was 
p rov ided  by a S y lv a n ia  RS sunlamp,  and r e a c t i o n  was v e r y  r a p i d .
A f t e r  removal  of  t h e  sunlamp,  a d d i t i o n  of  3 ml . p o r t i o n s  of  c h l o r i n e
was r e p e a t e d  f i v e  t i m e s ,  w i t h  v e r y  r a p i d  r e a c t i o n  each  t im e ,  so 
t h a t  most  of  the  c h l o r i n e  was s imply  e v a p o ra te d  ou t  o f  t h e  sys tem.
Fo l lo w in g  d i s t i l l a t i o n  of  the  r e a c t i o n  m i x t u r e ,  vpc a n a l y s i s
i n d i c a t e d  an a p p r o x i m a t e ly  40-50% y i e l d  of  t h e  m on o ch lo r in a te d  
p r o d u c t  as  a m ix tu re  of  i so m e rs .  The b o i l i n g  range  o f  t h i s  m a t e r i a l  
was 76 -84°  a t  0 . 5  mm. The c o m ple x i ty  of  t h e  m ix tu re  i s  d i s c u s s e d  
i n  D i s c u s s i o n  of  R e s u l t s , p . 42 . See nmr T-16.
3.  Bromomethylcyclooc tane -------> 1 - c h l o r o - l - b r o m o m e th y l c y c l o o c t a n e
(M.W. 239.59)
A n i t r o g e n  s t r e a m  was used to  v a p o r i z e  and pass  about  
1 . 3  ml . o f  l i q u i d  c h l o r i n e  i n t o  6 .10  g .  ( 0 .030  mole) o f  bromomethyl­
c y c l o o c t a n e .  A vpc  a n a l y s i s  of  the  p r o d u c t  m ix tu re  f a i l e d  t o  show 
a n y th i n g  o t h e r  t h a n  s t a r t i n g  m a t e r i a l .  T h e r e f o r e ,  a n o t h e r  2 ml.  
o f  c h l o r i n e  were a l lowed  t o  pass  i n t o  the  sys tem . A l though  the  
vpc  a g a i n  f a i l e d  t o  r e v e a l  p r oduc t  i n f o r m a t i o n ,  an nmr spec t rum  
(T-17)  i n d i c a t e d  t h a t  e x t e n s i v e  c h l o r i n a t i o n  had o c c u r r e d ,  b u t  the  
spec t rum  had no d i s t i n g u i s h i n g  f e a t u r e s  t h a t  were h e l p f u l  f o r  
i d e n t i f i c a t i o n .
I I I .  A d d i t i o n s  of  h a lo g e n s  to  m e th y le n e c y c lo a lk a n e s
A. Bromine c h l o r i d e :
C h l o r in e  was l i q u e f i e d  i n  a Dry I c e - i s o p r o p y l  a l c o h o l
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b a t h ,  and b o t h  l i q u i d  bromine and ca rbon t e t r a c h l o r i d e  were c h i l l e d  
i n  i c e  b a t h s .  Bromine c h l o r i d e  was p re p a re d  by d i s s o l v i n g  a p p r o x i m a t e ly  
5 ml.  e ach  o f  the  l i q u i d  c h l o r i n e  and bromine i n  100 ml. of  the  
c o ld  C C F o r  the  a d d i t i o n  r e a c t i o n ,  0 .0 5  mole of  the  o l e f i n  was 
d i s s o l v e d  i n  20 ml. of  CCA^ i n  a f l a s k  suspended i n  an i ce  b a t h  over  
a m agne t ic  s t i r r e r .  Dropwise a d d i t i o n  of  t h e  BrCA s o l u t i o n  was 
c a r r i e d  ou t  a s  long  as  d e c o l o r i z a t i o n  o c c u r r e d .
1.  M e thy lenecyc lohexane
The p r i n c i p a l  p r o d u c t s  h e re  were a p p a r e n t l y  t h e  1-bromo- 
1 - c h lo r o m e th y lc y c lo h e x a n e  and th e  1 - c h l o r o - l - b r o m o m e th y l c y c l o h e x a n e , 
a s  w e l l  as  1 -b rom o- l -b rom omethy lcyc lo hexane .  T h i s  c o n c lu s i o n  i s  
based  on th e  a s s ig n m en t s  o f  t h e  nmr peaks as  d i s c u s s e d  i n  the  
D i s c u s s i o n  of  R e s u l t s , p.  44.
B. Bromine )
)
C. C h lo r in e  )
A pprox im a te ly  1 g.  o f  t h e  m e t h y le n e c y c lo a lk a n e  was d i s s o l v e d  
i n  4 ml . o f  C C j a n d  a p o r t i o n  of  t h i s  s o l u t i o n  was t r a n s f e r r e d  t o  
a 4" t e s t  tube  suspended i n  an i c e  b a t h .  By means of  a n i t r o g e n  
s t r e a m  p a s s i n g  th ro u g h  a few drops  of  the  a p p r o p r i a t e  l i q u i d  h a lo g e n ,  
th e  ha logen  was passed  i n t o  the  o l e f i n  a s  long a s  d e c o l o r i z a t i o n  
o c c u r r e d .  When r e a c t i o n  was com ple te ,  n i t r o g e n  was bubbled  th ro u g h  
th e  m ix tu re  t o  remove t r a c e s  o f  u n r e a c t e d  h a lo g e n .  The p r o d u c t s  
were n o t  i s o l a t e d ,  b u t  nmr s p e c t r a  o f  the  s o l u t i o n s  were o b t a i n e d .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
21
I n  t h i s  way, b o th  m eth y le necyc lo hexane  and m e thy lenecyc lodecane  
were s ubm i t te d  t o  a d d i t i o n s  of  b o t h  c h l o r i n e  and bromine .  A p p a r e n t l y  
even  t h e s e  c o n d i t i o n s  were too  v i g o r o u s ,  f o r  t h e  on ly  r e a s o n a b l y  
pure  d i h a l i d e  formed (based on nmr s p e c t r a )  was t h e  d ib romide  of  
m e th y le n e c y c lo h e x a n e .  (T-20)
IV. D ehyd ro h a lo g e n a t io n  of  1 -bromo- l - c h lo r om e thy lc vc lohexa ne
A m ix tu re  o f  3 .81 g. (0 .0 1 8  mole) of  l - b r o m o - l - c h l o r o -  
m e thy lcyc lohexane  and 12 .5  ml. o f  107. e t h a n o l i c  KOH ( c a .  0 .018  mole 
o f  KOH) was r e f l u x e d  f o r  1% h o u r s .  The cooled  m ix tu re  was d i l u t e d  
w i t h  25 ml.  of  w a t e r  and t h e n  tw ice  e x t r a c t e d  w i t h  20 ml. p o r t i o n s  
o f  e t h e r .  The combined e t h e r  e x t r a c t s  were washed once w i t h  20 ml. 
of  w a t e r ,  d r i e d  over  magnesium s u l f a t e ,  and t h e n  a i r - e v a p o r a t e d  
t o  remove e t h e r .  Based on th e  C=CH.peak a t  6 5 .71 i n  the  nmr 
spec t rum  (T -2 1 ) ,  t h e  c o n c lu s i o n  was reached  t h a t  the  p ro d u c t  was
1 - c h l o r o m e th y l c y c lo h e x a n e .  (See D i s c u s s i o n  of  R e s u l t s , p .  29).
V. P r e p a r a t i o n  of  bromohydrins
16A. Using N-bromosucc in imide
M ethy lenecyc lohexane  ( 5 . 0  g . ,  0 .052  mole) was suspended 
w i t h  s t i r r i n g  i n  30 ml.  o f  w a t e r  c o n ta i n e d  i n  a l a r g e  t e s t  tube 
sur rounded  by an i c e  b a t h .  N-Bromosuccinimide (NBS) ( 9 .8 0  g . ,
0 .0 55  mole) was added*,  and s t i r r i n g  was c o n t in u e d  f o r  two h o u r s .
* There  seemed t o  be no g a in  i n  y i e l d  i f  the  NBS were 
r e c r y s t a l l i z e d  ( from g l a c i a l  a c e t i c  a c i d ) ,  so i n  most  r u n s ,  the  
r e a g e n t  was used d i r e c t l y  as  r e c e i v e d .
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The m ix tu re  was t h e n  al lowed  to  s tand  o v e r n i g h t .
The m ix tu re  was t h r i c e  e x t r a c t e d  w i t h  25 ml.  p o r t i o n s  of  
e t h e r ,  and the  combined e t h e r  e x t r a c t s  were d r i e d  ove r  magnesium 
s u l f a t e .  The e t h e r  was a l lowed t o  e v a p o r a t e ,  and th e  rem a in ing  
c r y s t a l s  were r e c r y s t a l l i z e d  from p e t r o l e u m  e t h e r .  The p roduc t  
c r y s t a l l i z e d  i n  w h i t e  n e e d l e s .
Y i e l d :  5 .5 6  g.  (55.47. of  t h e o r e t i c a l )  (M.W. 193.09)
A n a l y s i s :  c a l c .  - 7„C, 4 3 .5 4 ;  7<H, 6 .7 9 ;  TBr, 41 .38
found -  7oC, 4 3 .4 2 ;  %H, 6 .88
M . p . : 79-82°  ( l i t . :  82-83°7) ; b . p . ,  53-60° ( 1 -2  mm.)
IR,  nmr: T -23 -a
B. By oxym erc u ra t ion  and b r o m i n a t i o n ^ ’
M e r c u r y ( I I )  a c e t a t e  (16 .59  g . ,  0 .052  mole) was d i s s o l v e d  
w i t h  c o n s t a n t  s t i r r i n g  i n  52 ml. o f  w a t e r  m a i n ta in e d  a t  room tem p e ra tu re  
by a w a t e r  b a t h .  When th e  mercury a c e t a t e  had n e a r l y  c om ple te ly  
d i s s o l v e d ,  52 ml.- of  N, N-dimethylformamide  (DMF) was added.  A
heavy ,  ye l low  p r e c i p i t a t e  formed.  Then 5 .0  g. ( 0 .0 5 2  mole) of
methy lenecyc lohexane  was added and the  m ix tu re  was s t i r r e d  f o r  
15 m in u t e s .  A s o l u t i o n  of  2 .56  ml.  o f  bromine and 2.27 ml. o f  l i q u i d  
c h l o r i n e  i n  50 ml. o f  was t h en  added dropwise  over  a p e r i o d  of
h~l  ho u r .  The s o l u t i o n  was then  s t i r r e d  f o r  a bou t  an hour  more 
b e f o r e  b e in g  t r a n s f e r r e d  t o  a s e p a r a t o r y  f u n n e l .  A f t e r  s e p a r a t i o n ,  
th e  lower,  o r g a n i c  l a y e r  was drawn o f f ,  and th e  aqueous l a y e r  was 
t h r i c e  e x t r a c t e d  w i t h  30 ml. p o r t i o n s  o f  e t h e r .  The combined e t h e r
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e x t r a c t s  were added t o  t h e  o r g a n i c  l a y e r  and t h i s  was t h e n  d r i e d  over  
magnesium s u l f a t e .
Excess  s o l v e n t  was removed by r o t a r y  e v a p o r a t i o n  a t  t em per ­
a t u r e s  below 45° .  The r em a in ing  m a t e r i a l  was d i s t i l l e d  i n  a Bantam- 
ware s h o r t  p a t h  d i s t i l l a t i o n  sys tem . The p r o d u c t  was c o l l e c t e d  a s  a 
l i q u i d ,  b u t  a f t e r  s t a n d i n g  f o r  abou t  24 h o u r s ,  i t  s udden ly  c r y s t a l l i z e d  
when a g i t a t e d .
Y i e l d :  3 . 5  g .  (35% of  t h e o r e t i c a l )
A n a l y s i s :  c a l c .  -  %C, 43 .5 4 ;  %H, 6 .7 9 ;  %Br, 41 .38
found -  %C, 4 3 .3 0 ;  %H, 7.07
D i s t i l l a t i o n  r a n g e :  53-63° (1 mm.)
M.p . :  78-82°
IR, nmr: T-23-b
V I . P r e p a r a t i o n  of  1 -m e t h y l - 1 - c v c lo h e x a n o l
Mercury ( I I )  a c e t a t e  (16 .59  g . ,  0 .052  mole) was d i s s o l v e d  
w i t h  s t i r r i n g  i n  52 m l.  of  w a t e r  i n  a 300 ml.  f l a s k  m a i n t a i n e d  a t  
room t e m p e r a t u r e  w i t h  a w a t e r  b a t h .  When a l l  o f  t h e  s a l t  had d i s ­
s o l v e d ,  52 ml.  of  THF was added ,  and a heavy ,  y e l l o w  p r e c i p i t a t e  
formed.  W i th in  10-15 seconds  a f t e r  t h e  a d d i t i o n  of  5 . 0  g .  (0 .052  
mole) of  m e t h y le n e c y c lo h e x a n e ,  t h e  m i x t u r e  c l e a r e d  and a w a t e r - w h i t e
s o l u t i o n  rem a ined .  S t i r r i n g  was c o n t i n u e d  f o r  a n o t h e r  15 m i n u t e s .
A f t e r  t h e  a d d i t i o n  of  52 ml.  of  3 M NaOH, 52 m l.  of  
0 .75  M sodium b o r o h y d r i d e  i n  3 M NaOH ( c o n t a i n i n g  a t o t a l  of  1 .5  g .
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o f  NaBH^) was added.  R educ t ion  was e s s e n t i a l l y  i n s t a n t a n e o u s .
The s o l u t i o n  was s t i r r e d  f o r  about  15 m in u t e s ,  d u r in g  which t ime most 
o f  t h e  amorphous b l a c k  mercury was c o n v e r t e d  t o  t h e  l i q u i d  form.
The s o l u t i o n  was t h e n  s a t u r a t e d  w i t h  sodium c h l o r i d e  (40 -45 g. 
r e q u i r e d ) .
The aqueous m ix tu re  was e x t r a c t e d  w i t h  two 25 ml. p o r t i o n s  
o f  e t h e r .  The combined e the r ,  e x t r a c t s  were washed once w i t h  25 ml.  
o f  w a t e r ,  d r i e d  over  magnesium s u l f a t e ,  f i l t e r e d ,  and d i s t i l l e d  
unde r  reduced  p r e s s u r e . *
Y i e l d :  3 .67  g.  (64.3% of  t h e o r e t i c a l )
B . p . : 83-85°  (43 mm.); 123° ( a tm . )
IR,  nmr: T-22
V I I .  A lcoho l  c l a s s i f i c a t i o n  t e s t s
18A. R o s e n t h a l e r 1s t e s t
The t e s t  r e a g e n t  was p r e p a r e d  by mix ing  equal, volumes of  
2 N NaOH and a s o l u t i o n  c o n s i s t i n g  o f  1 .3 4  g.  o f  H g C ^  and 5 .0  g.  o f  
KI p e r  100 ml. o f  w a t e r .  A few c r y s t a l s  of  t h e  bromohydr in were 
added t o  5 ml . of  the  t e s t  r e a g e n t ,  and t h e  m ix tu re  was t h e n  b o i l e d  
f o r  a s h o r t  t im e .  F a i l u r e  t o  g e t  a b ro w n i sh - y e l lo w  t o  g ray  
p r e c i p i t a t e  was i n d i c a t i o n  t h a t  the  a l c o h o l  was n e i t h e r  p r im a ry  nor  
s e c o n d a r y .
* I f  t h e  condense r  i s  o p e r a t e d  from a r e f r i g e r a t e d  system, 
t h e r e  i s  some danger  of  t h e  p ro d u c t  f r e e z i n g  i n  t h e  co n d e n se r .
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19B. R i t t e r *8 t e s t
A few c r y s t a l s  of  t h e  broraohydrin were added t o  3 ml .  o f
g l a c i a l  a c e t i c  a c id  i n  a 4" t e s t  t u b e .  One drop  o f  a s a t u r a t e d ,
f i l t e r e d  s o l u t i o n  o f  p o t a s s iu m  permanganate  was added ,  and the  tube  
was s to p p e r e d  and shaken v i g o r o u s l y .  F a i l u r e  of  d e c o l o r i z a t i o n  to  
occur  i n d i c a t e d  absence  o f  e i t h e r  p r im ary  or  se conda ry  a l c o h o l .
C. P r e p a r a t i o n  of  t r i f l u o r o a c e t a t e s
A few c r y s t a l s  of  t h e  bromohydrin  were d i s s o l v e d  i n  CCj£^
and a bou t  1 ml . o f  t r i f l u o r o a c e t i c  a n hyd r ide  was added .  A f t e r  the
s o l u t i o n  had s to od  f o r  abou t  h a l f  an  h o u r ,  i t  was washed w i t h  two 
p o r t i o n s  o f  57. NaHCO^ s o l u t i o n  and t h e n  w i t h  w a t e r ,  and was f i n a l l y  
d r i e d  over  magnesium s u l f a t e .
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I I I .  DISCUSSION OF RESULTS
H a l o g e n a t io n  of  a lk a n e s  i s  known to  occur  v i a  a f r e e
r a d i c a l  mechanism, i n  which  th e  i n i t i a l  s t e p  i n v o lv e s  t h e  hom oly t ic
20
c le a va ge  of  the  h a lo g e n - h a l o g e n  bond t o  g ive  t h e  f r e e  ha logen  atom . 
F o l low ing  a b s t r a c t i o n  o f  hydrogen t o  form th e  a l k y l  f r e e  r a d i c a l ,  
t h e  l a t t e r  a t t a c k s  a n o t h e r  molecule  o f  ha logen  t o  complete  the  
f o rm a t i o n  of  t h e  a l k y l  h a l i d e  w h i l e  c o n t i n u i n g  t h e  c h a in  r e a c t i o n  
by r e g e n e r a t i o n  of  ha lo g e n  atom:
X2 2 X*
X '  + R-H ------*■ HX + R '
R* + X2 ____ > RX + X*
In  c h l o r i n a t i o n  r e a c t i o n s ,  a l l  p o s s i b l e  raonochlo r ides  a re  
formed,  b u t  t h e r e  i s  a v a r i a t i o n  i n  r a t e s  of s u b s t i t u t i o n  of  hydrogen 
atoms i n  the  o r d e r  t e r t i a r y  > seconda ry  > p r im a ry .  The same r a t e  
o r d e r  a p p l i e s  in  b r o m i n a t i o n ,  bu t  b ro m i n a t i o n  i s  much s lower  than  
c h l o r i n a t i o n ,  so t h e r e  i s  a g r e a t e r  degree  o f  s e l e c t i v i t y  i n  the 
type  o f  bromide formed.  Making use of  h a l o m e th y l c y c l o a lk a n e s  i n  
h a l o g e n a t i o n  s t u d i e s  p r o v id e s  s u b s t r a t e s  i n  which the o n ly  p r im ary  
carbon  i s  a l r e a d y  monohalogenated .  Th is  makes f u r t h e r  h a l o g e n a t i o n  
o f  t h a t  carbon  u n l i k e l y * ,  and the  s i n g l e  t e r t i a r y  carbon  should  
t h en  be the  p r e f e r r e d  t a r g e t  f o r  h a l o g e n a t i o n .  One must n o t ,  however ,
* But see  D i s c u s s i o n  o f  R e s u l t s , p . 36.
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l o s e  s i g h t  o f  t h e  f a c t  t h a t  the  s u b s t i t u t e d  cyc lohexane  r i n g  has 
t e n  se conda ry  hyd rogens ,  t h i s  number b e in g  s t i l l  g r e a t e r  w i t h  the  
l a r g e r  r i n g s ,  so t h a t  i n  s p i t e  of  the  lower r e a c t i v i t y  a t  the  
se conda ry  p o s i t i o n ,  t h e r e  i s  s t i l l  a s t a t i s t i c a l  advan tage  o f  10:1 
f o r  hydrogens  bound t o  s e co n d a ry  over  t h o s e  bound t o  t e r t i a r y  c a rbons .  
The s i g n i f i c a n c e  o f  t h i s  r a t i o  i s  a p p a r e n t  i n  t h e  f a c t  t h a t  i n  no 
case  connec ted  w i t h  t h i s  s tu d y  was i t  p o s s i b l e  to  g e t  a " c l e a n "  
m o n o c h l o r in a t i o n  r e a c t i o n .  The g r e a t e r  s e l e c t i v i t y  i n  the  case  
o f  bromine d id  l ea d  t o  r e a s o n a b l y  good monobrominat ion r e a c t i o n s .
Inasmuch as  the  i n t e n t  of  t h i s  s tudy  was t o  i n v e s t i g a t e  
t h e  p o s s i b i l i t y  o f  a b r id g e d  r a d i c a l  i n t e r m e d i a t e  i n  the  c o u rs e  o f  
the  h a l o g e n a t i o n  r e a c t i o n ,  t h i s  im m edia te ly  p res u p p o s e s  t h e  p o s s i b i l i t y  
o f  h a l o g e n a t i o n  a t  a l l  t h r e e  t y p e s  o f  ca rbon .  For  example,  i n  t h e  
ca se  of  c h lo r o m e t h y lc y c l o h e x a n e ,  m o n o s u b s t i t u t i o n  by bromine would be 





(5  p o s s i b l e
p o s i t i o n s )
I f  b r i d g i n g  by th e  c h l o r i n e  shou ld  occur  d u r in g  the  course  of  the  
r e a c t i o n ,  however,  t h en  the  bromine could become bound to  the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




C o n s id e r in g  t h e  s i m i l a r i t i e s  o f  t h e  s e c o n d a ry  b rom ides ,
one might  a n t i c i p a t e  t h a t  w i t h o u t  t h e  u s e  of  an e x t r e m e ly  e f f i c i e n t  
v a p o r  pha se  c h rom a tog ra ph ic  (vpc)  column,  t h e  r e t e n t i o n  t im es  of  t h e
2 - ,  3 - ,  and 4-bromo- compounds would be e s s e n t i a l l y  t h e  same, so 
t h a t  vpc would d i s t i n g u i s h  on ly  t h r e e  monobrominated p r o d u c t s .  In  
most  of  t h e  ru n s  made, no vpc a n a l y s i s  of  t h e  c ru d e  r e a c t i o n  m i x t u r e  
was c a r r i e d  o u t ,  b u t  e x a m in a t io n  of  t h e  d i s t i l l a t i o n  f r a c t i o n s  i n ­
d i c a t e d  t h a t  t h e r e  were  indeed  a l l  t h r e e  t y p e s  of monobrominated 
p r o d u c t s .  The overwhelming b u l k  of  p r o d u c t ,  however ,  was t e r t i a r y  
b rom ide ,  and t h e  p r im a ry  bromide  was p r e s e n t  i n  s c a r c e l y  more t h a n  
t r a c e  amounts ,  i n d i c a t i n g  a lm os t  no t endency  toward  f o r m a t i o n  of  a 
b r id g e d  c h l o r i n e  r a d i c a l  i n t e r m e d i a t e .  T h i s  r e s u l t  was p a r t i c u l a r l y  
w e l l  i l l u s t r a t e d  by a b r o m i n a t i o n  c a r r i e d  o u t  o v e r  a p e r i o d  of  18 
hours  unde r  a c t i v a t i o n  by a S y l v a n ia  RS sunlamp,  fo l l o w e d  by a 6 
hour  exposu re  to  3500 &. r a d i a t i o n  i n  a Rayonet  r e a c t o r .  Approx i ­
m a te ly  53% of  t h e  s t a r t i n g  c h lo r o m e t h y lc y c l o h e x a n e  was r e c o v e r e d  
unchanged,  and a bou t  30% was o b t a i n e d  a s  monobrominated p r o d u c t  i n  
two f r a c t i o n s .  The l a t t e r  were combined and r e d i s t i l l e d  i n t o  f o u r  
new f r a c t i o n s .
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R e f e re n c e  to  t h e  vpc a n a l y s i s  of  t h e s e  f i n a l  f r a c t i o n s  ( T -1 0 -a )*  
shows t h a t  d i s t i l l a t i o n  of  t h e  combined samples  d i d  n o t  s e p a r a t e  t h e  
i s o m e r i c  monobrominated p r o d u c t s  b u t  d i d  r e d u c e  c o n t a m i n a t i o n  of  t h e  
p r o d u c t s  by t h e  s t a r t i n g  c h l o r i d e .  F i n a l l y ,  t h e  l a s t  two f r a c t i o n s  
from t h e  f i n a l  d i s t i l l a t i o n  were  combined t o  g i v e  t h e  vpc a n a l y s i s  
t r a c e d  i n  T -1 0 -b .  From t h i s  t r a c e ,  one can c l e a r l y  s e e  t h a t  t h e  
t e r t i a r y  bromide  c o n s t i t u t e d  a t  l e a s t  97% of  t h e  monobrominated 
m a t e r i a l .
As one means of  e s t a b l i s h i n g  t h a t  t h e  p r o d u c t  d e t e c t e d  i n  
vpc T-10-b  was t h e  t e r t i a r y  b romide ,  a d e h y d r o h a l o g e n a t io n  r e a c t i o n  
was c a r r i e d  o u t  on one p o r t i o n  of  i t .  The nmr spec t rum  (T-21)  of  
t h e  p r o d u c t  i n d i c a t e s  q u i t e  a b i t  of  c o n t a m i n a t i o n ,  b u t  t h e  prominence  
of  t h e  C=CH peak  a t  <5 5 .7 1  i n d i c a t e s  t h a t  most of  t h e  r e a c t i o n  was an 
e x o c y c l i c  d e h y d r o h a l o g e n a t io n  l e a d i n g  to  c h lo r o m e t h y le n e c y c l o h e x a n e .
I n  a l l  p r o b a b i l i t y  t h e r e  was a l s o  some e n d o c y c l i c  d e h y d r o h a l o g e n a t io n  
l e a d i n g  to  1 - c h l o r o m e th y l c y c lo h e x e n e .  A l l y l i c  c o u p l i n g  of  t h e  
v i n y l i c  p r o t o n  i n  t h e  l a t t e r  compound w i t h  i t s  m e th y le n e  p r o t o n s  
would ac coun t  f o r  t h e  m u l t i p l i c i t y  (J  = 1 .3  Hz) of  t h e  C=CH pe a k .
The IR spec t rum  of  t h i s  p r o d u c t  showed t h e  p r e s e n c e  of  c h l o r i n e  b u t  
n o t  of  b romine ,  and w h i l e  t h e  ca rb o n -h y d ro g e n  a n a l y s i s  was n o t  good, 
due to  t h e  c o n t a m i n a t i o n ,  i t  was r e a s o n a b l y  c l o s e  t o  t h a t  of
* I n f r a r e d  s p e c t r a ,  n u c l e a r  m agne t ic  r e s o n a n c e  s p e c t r a ,  
and vapor  pha se  chromatograms a r e  c o l l e c t e d  i n  Append ices  I ,  I I ,  
and I I I ,  r e s p e c t i v e l y .
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1 - c h lo r o m e th y le n e c y c lo h e x a n e  as  opposed t o  the  a l t e r n a t i v e  
1-bromomethy lenecyc lohexane .
In  the  f i r s t  b r o m i n a t i o n  r e a c t i o n  i n  which a q u a r t z  
r e a c t i o n  v e s s e l  was u s e d ,  a 25-307> y i e l d  of  t h e  monobromide was 
o b t a i n e d  a f t e r  s i x  h ou r s  exposure  t o  the  S y l v a n ia  sunlamp,  and a 
vpc  of  the  crude r e a c t i o n  m ix tu re  (T -10-c )  i n d i c a t e d  t h a t  about  
37« o f  t h e  p ro d u c t  was p r im ary  b romide .  One f r a c t i o n  o b ta in e d  from 
t h e  d i s t i l l a t i o n  of t h i s  p a r t i c u l a r  p r o d u c t  t u rn e d  out  t o  be the  
p u r e s t  sample of monobromide o b t a i n e d  from any o f  the  r u n s .  The 
nmr spec t rum  of  t h i s  m a t e r i a l  (T -10 -a )  showed a sha rp  methylene  
s i n g l e t  a t  6 3 .89* .
The above i n c r e a s e d  y i e l d  o f  p r im a ry  b rom ide - - and  hence 
i n t e r c e s s i o n  of  a b r id g e d  c h l o r i n e  r a d i c a l - - i s  i n t e r e s t i n g ,  f o r  the  
use  of  the  q u a r t z  tube  made h i g h e r  energy  r a d i a t i o n  a v a i l a b l e  to  
th e  r e a c t i o n  m i x t u r e .  The i n c r e a s e d  r a t e  o f  r e a c t i o n  r e s u l t i n g  from 
t h i s  g r e a t e r  a c t i v a t i o n ,  l e a d i n g  a s  i t  a p p a r e n t l y  does t o  i n c r e a s e d  
b r i d g i n g ,  would i n d i c a t e  t h a t  the  hydrogen  a b s t r a c t i o n  i s  f a s t e r  
t h a n  the  s ubsequen t  a t t a c k  by a l k y l  r a d i c a l  on the  f r e e  bromine ,  thus  
l e a v i n g  more t ime f o r  t h e  p r im ary  c h l o r i n e  t o  b r i d g e  to  the  t e r t i a r y  
c a rbon .  The problem must  be somewhat more c o m p l i c a t e d ,  however ,  than  
t h i s  s im ple  c o n j e c t u r e  would i n d i c a t e ,  f o r  i n  what  was p ro b a b ly  the
* With d i f f e r e n t  samples run  on the  same A-60A i n s t r u m e n t ,  
t h i s  v a l u e  v a r i e d  by a bou t  2 Hz. - On a few o c c a s i o n s  when nmr s p e c t r a  
were o b t a i n e d  w i t h  t h e  HA-60A i n s t r u m e n t ,  benzene was added as  an 
i n t e r n a l  l o c k ,  and i t  was observed  t h a t  i t  caused  a s h i f t  i n  t h e  p o s i t i o n  
o f  t h i s  peak .  Subsequent  t e s t s  i n d i c a t e d  t h a t  benzene p roduces  a marked 
s o l v e n t  e f f e c t  on th e  chemica l  s h i f t  o f  the  ^CBr-C^Cj i  peak,  so t h a t  
t h i s  peak moves p r o g r e s s i v e l y  u p f i e l d  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n  of  
be nz ene .  (See nmr T - 1 0 - e ) .
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smoothes t  b r o m i n a t i o n  run  c a r r i e d  out  i n  t h i s  s t u d y ,  the  bromine
was ad m i t t e d  v e r y  s lo w ly  by means of  a n i t r o g e n - s t r e a m  i n t o  the
r e a c t i o n  m ix tu re  ( c h lo r o m e th y lc y c lo h e x a n e  i n  ca rbon  t e t r a c h l o r i d e )
c o n ta in e d  i n  a q u a r t z  v e s s e l  suspended i n  t h e  Rayonet r e a c t o r  unde r
2537 8 r a d i a t i o n .  The r e a c t i o n  m ix tu re  was sampled a t  i n t e r v a l s ,
and the  f i r s t  sample t o  i n d i c a t e  a p p r e c i a b l e  b r o m i n a t i o n  showed the
i som ers  i n  an a p p r o x i m a t e ly  4 : 8 : 1 5  r a t i o  of  p r i m a r y : s e c o n d a r y : t e r t i a r y
( p : s : t )  ( c f .  vpc T - 1 0 - d ) .  At the  end of the  24 -hour  ru n ,  however,
th e  vpc of  the  r e a c t i o n  m ix tu re  showed o n ly  a t r a c e  of  p r im ary  as
compared t o  t e r t i a r y  bromide ( T - 1 0 - e ) .  A lso ,  the  nmr o f  t h i s  crude
r e a c t i o n  m ix tu re  (T-10-b)  gave th e  v e r y  sha rp  s i n g l e t  a t  6 3 .89
i n  a r a t i o  of  19:11 t o  the  d o u b l e t  o f  t h e  s t a r t i n g  c h l o r i d e  ( i . e . ,  a
637o y i e l d  of  t h e  monobromo p r o d u c t ) ,  and no t r a c e  of  the  methylene
s i n g l e t  a t  6 3 . 7 1 ,  which  i s  c h a r a c t e r i s t i c  of  the  1 - c h l o r o - l - b r o m o -
m e th y lc y c lo h e x a n e . (R e fe r  t o  the  subsequen t  d i s c u s s i o n  of  t h e
c h l o r i n a t i o n  r e a c t i o n s ,  p . 37 ) •
Whereas t h e  methy lene  d o u b l e t  i n  t h e  nmr spec t rum  of
ch lo ro m e th y lc y c lo h ex a n e  (T-7)  i s  c e n t e r e d  a t  6 3 .31 ,  t h a t  of  the
bromomethylcyc lohexane (T-4)  i s  c e n t e r e d  a t  6 3 . 2 4 .  T h i s  d i f f e r e n c e
i s  t o  be e x p e c t e d ,  s i n c e  c h l o r i n e  i s  more e l e c t r o n e g a t i v e  t h an
bromine ,  and an i n c r e a s e  i n  the  e l e c t r o n e g a t i v i t y  o f  a s u b s t i t u e n t
i n c r e a s e s  the  d e s h i e l d i n g  e f f e c t ,  t h u s  c a u s in g  a d o w n f i e l d ,  or
21 22 23pa ra m agne t ic  s h i f t  o f  t h e  p r o to n  s i g n a l  ’ ’ . S i l v e r s t e i n  and
24B a s s l e r  p r e s e n t  a t a b l e  o f  averaged  p r o to n  chemica l  s h i f t s  i n  which
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t h e  m ethy lene  p r o t o n  s i g n a l  f o r  i s  shown to  a p p e a r  a t  6 3 .6
25and t h a t  of -C j^Br  a t  6 3 . 3 .  Jackman , q u o t in g  from T i e r s ,  g i v e s
t h e  c o r r e s p o n d in g  v a l u e s  of  6 3 .40  and 6 3 . 3 1 ,  r e s p e c t i v e l y .  A l l  of
t h e s e  f i g u r e s  a r e  f o r  a l i p h a t i c  h a l i d e s ,  and a l t h o u g h  t h e  agreement
w i t h  t h e  v a l u e s  f o r  t h e  s u b s t i t u t e d  cyc lo h e x a n es  i s  n o t  e x a c t  i n
q u a n t i t y ,  i t  i s  i n  d i r e c t i o n .
What seems l e s s  c l e a r  a t  f i r s t  g l a n c e ,  i n  r e g a r d  t o  t h e s e
chemica l  s h i f t s ,  i s  t h e  f a c t  t h a t  t h e  h a l o g e n a t i o n  a t  t h e  t e r t i a r y
p o s i t i o n  of  t h e  h a l o m e t h y l c y c l o a l k a n e s  does g i v e  f u r t h e r  d e s h i e l d i n g ,
so t h a t  t h e  m ethy lene  s i n g l e t  a p p e a r s  s t i l l  f u r t h e r  d o w n f i e l d ,  b u t  i n
t h i s  c a s e ,  t h e  bromine  e x e r t s  a g r e a t e r  e f f e c t  t h a n  does t h e  c h l o r i n e .
Thus t h e  m ethy lene  s i n g l e t  o f  1 - b ro m o - l - c h l o r o m e th y l c y c l o h e x a n e  i s  a t
6 3 .89 (a s h i f t  of  58 Hz) ,  w h i l e  t h a t  o f  1 - c h l o r o - l - b r o m o m e t h y l c y c l o -
hexane i s  a t  6 3 .65  (a  s h i f t  o f  41 Hz) .  O the r  c a s e s  have been  c i t e d ,
however ,  i n  which t h e  b romine  seems to  g i v e  more d e s h i e l d i n g  t h a n  does
c h l o r i n e .  I n  t h e i r  s t u d i e s  of  t h e  r e l a t i o n s h i p  of  che m ica l  s h i f t s  of
p r o t o n s  t o  t h e  e l e c t r o n e g a t i v i t i e s  of  s u b s t i t u e n t  g r o u p s ,  Shoo le ry  and 
26D a i l e y  d e te rm in e d  t h e  v a l u e s  f o r  a  and 8 p r o t o n  s h i f t s  i n  e t h y l
27h a l i d e s .  Emsley,  Feeney ,  and S u t c l i f f e  have c o l l e c t e d  S h o o l e r y ' s  
d a t a  a long  w i t h  o t h e r  more r e c e n t  m easu rem en ts ,  and g i v e  a t a b l e  which 
shows c l e a r l y  t h a t  w h i l e  i n c r e a s i n g  t h e  e l e c t r o n e g a t i v i t y  of  a sub­
s t i t u e n t  c a u se s  i n c r e a s e d  d e s h i e l d i n g  of  t h e  a - p r o t o n s ,  t h e  r e v e r s e
28i s  t r u e  w i t h  r e s p e c t  t o  t h e  8 - p r o t o n s .  Cavanaugh and D a i l e y  made 
a more d e t a i l e d  s tu d y  of  t h e  e f f e c t  of  t h e  e l e c t r o n e g a t i v i t y
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o f  s u b s t i t u e n t s  on p r o t o n s  removed from the  a - p o s i t i o n  i n  v a r i o u s  
a l k y l  d e r i v a t i v e s ,  and t h e y  conc lude  t h a t  t h e r e  i s  a chemica l  s h i f t  
a r i s i n g  from t h e  C-C bond i t s e l f .  The magni tude of  t h i s  s h i f t  i s  
dependen t  on t h e  s u b s t i t u e n t  a t t a c h e d  t o  t h e  o ' -ca rbon .  I f  t h i s  
e f f e c t  i s  g e n e r a l ,  t h e n  i t  would a p p e a r  t h a t  t h e  i n c r e a s e d  downf ie ld  
s h i f t  o f  the  ^CH-CH^X s i g n a l  i n  b r o m i n a t i o n  ove r  t h a t  found in  
c h l o r i n a t i o n  i s  p r o b a b l y  the  b e s t  ev idence  o b t a i n e d  i n  t h i s  s tudy  
t h a t  t h e  incoming ha logen  goes t o  the  t e r t i a r y  p o s i t i o n  w i t h o u t  
r e a r r a n g e m e n t . *
As was p r e v i o u s l y  m en t ioned ,  none of  t h e  c h l o r i n a t i o n  
r e a c t i o n s  was " c l e a n "  i n  t h e  sense  of  g i v i n g  p r e d o m i n a n t ly  one 
p r o d u c t .  I t  i s  n o t e w o r th y ,  however ,  t h a t  w h i l e  the  method was 
v a r i e d  somewhat each  t ime t h a t  the  c h l o r i n a t i o n  was c a r r i e d  o u t ,  
t h e r e  was a r a t h e r  marked c o n s i s t e n c y  i n  the  r a t i o s  o f  p : s : t .  In  
o n ly  one run  was a vpc  a n a l y s i s  (T-15) c a r r i e d ,  o u t  on th e  crude 
r e a c t i o n  m ix tu re  a f t e r  what  seemed t o  be comple te  r e a c t i o n  f o r  
m o n o c h l o r i n a t i o n .  I n  t h i s  ru n ,  t h e r e  was an a p p r o x i m a t e ly  407. 
y i e l d  of  m o n o c h lo r in a te d  compound, and the  r a t i o  o f  p : s : t  was 
a p p r o x i m a t e ly  1 : 2 : 6 .  In  t h r e e  p r e v i o u s  runs  i n  which i t  was n e c e s s a r y  
t o  e s t i m a t e  r a t i o s  f o r  i n d i v i d u a l  f r a c t i o n s  and t h e n  use t h e s e  r a t i o s  
t o  compute y i e l d s  f rom f r a c t i o n  w e i g h t s  (a v e r y  rough m ethod) ,  the
* I t  was a n t i c i p a t e d  t h a t  t h e  most  d e f i n i t i v e  ev id ence  
would be o b t a i n e d  from a n u c l e a r  quadrupo le  r e s o n a n c e  (nq r )  s t u d y  of  
t h e  h a lo g e n a t e d  compounds. Samples were sub m i t te d  f o r  such  a s tu d y ,  
b u t  no r e s u l t s  have been  r e c e i v e d  as of  t h e  d a t e  of  t h i s  w r i t i n g .
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f o l l o w i n g  o v e r a l l  r e a c t i o n  r a t i o s  were o b t a i n e d :
1 : 1 .7  : 4 .3  
1 : 2 .3  : 5 .3  
1 : 2 .2  : 7
A lso ,  o v e r a l l  y i e l d  of  m o n o c h l o r in a t e d  p r o d u c t  v a r i e d  from 30-40% i n  t h e  
t h r e e  c a s e s .
29Anson,  F r e d r i c k s  and Tedder  , have shown t h a t  i n  t h e  r e a c t i o n
X* + RH  R* + HX , t h e  s e l e c t i v i t y *  of  t h e  r a d i c a l  X'
f o r  t h e  d i f f e r e n t  t y p e s  of  hydrogens  i s :
R _s _t
C£ 1 3 .9 5 .1
Br 1 82 1600
30I n  a d d i t i o n ,  F r e d r i c k s  and Tedder  have shown t h a t  w i t h  b u t y l  h a l i d e s ,  
t h e  h a l i d e  d e c r e a s e s  t h e  r a t e  of  h a l o g e n a t i o n  on t h e  a d j a c e n t  s e conda ry  
c a rb o n .  Thus t h e  r e l a t i v e  s e l e c t i o n  (RS) v a l u e s  f o r  such  h a l o g e n a t i o n s  
a r e :
C h l o r i n a t i o n :
B rom ina t ion :
tem p. X ch2x - ch2 - ch2 -  CH.
35 CI 0 .7 2 .2 4 .2 1
35 Br 0 .5 ----- 4 .0 1
35 H 1 3 .9 3.9 1
146 C2, 34 32 82 1
146 H 1 82 82 1
31* R e l a t i v e  s e l e c t i o n ,  RS, as  d e f i n e d  by Hass  . I t  i s  t h e  
r a t i o  o f  r a t e s  o f  a t t a c k  a t  t h e  d i f f e r e n t  t y p e s  o f  hydrogen i n  a mole­
c u l e ,  m u l t i p l i e d  by t h e  i n v e r s e  r a t i o  of  t h e  number of  hydrogen  atoms 
of  each t y p e .
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No v a l u e  i s  g iv en  f o r  t h e  change of  RS a t  ca rbon  2 i n  the  c h l o r i n a t i o n  
o f  t h e  b romide .  These e x p e r im e n t s  were c a r r i e d  ou t  i n  t h e  gas  phase ,  
and th e  i n t e r m e d i a t e  r a d i c a l  CKhjBr-CH-CK^-CH^ i s  so u n s t a b l e  t h a t  
d a t a  f o r  (3 s u b s t i t u t i o n  were d i f f i c u l t  t o  o b t a i n  even a t  r a t h e r  
modera te  t e m p e r a t u r e s .  N e v e r t h e l e s s ,  t h e s e  a u t h o r s  do make c.. e 
g e n e r a l i z a t i o n  t h a t  " ha loge n  atoms a l r e a d y  p r e s e n t  i n  an a l i p h a t i c  
h y d roca rbon  r e t a r d  hydrogen  a b s t r a c t i o n  from a p -c a r b o n  atom, and 
t h e  e x t e n t  of  t h i s  r e t a r d a t i o n  f o l lo w s  th e  e l e c t r o n e g a t i v i t y  of  the  
s u b s t i t u e n t  h a lo g e n ,  F > CjJ > ( B r ) " .
I n  te rms  o f  t h e s e  r e l a t i v e  s e l e c t i o n  v a l u e s ,  f rom the 
f i r s t  s e t  of  d a t a  i n  which t h e r e  i s  no h a lo g e n  i n f l u e n c e  t o  s t a r t ,  
one would e x p e c t  a p r e f e r e n c e  f o r  t e r t i a r y  ove r  s e conda ry  of  on ly  
5 . 1 / 3 . 9 ,  o r  1 . 3 .  Using  a v e r y  rough a v e ra g e  o f  p : s : t  : :  1 : 2 : 6
f o r  our  d a t a  d i s c u s s e d  on the  p r e v i o u s  page ,  we f i n d  t h a t
RS*1 = 6 /2  x 10/1 = 30 ,s
o r  an a p p r o x i m a t e ly  2 3 - f o l d  i n c r e a s e  i n  the  e x p e c t e d  p r e f e r e n c e  
f o r  t e r t i a r y  over  s eco n d a ry .  Coup l ing  t h i s  w i t h  t h e  second s e t  
o f  T e d d e r ' s  d a t a ,  wh ich  i n d i c a t e s  t h a t  the  p - p o s i t i o n  should be 
even  l e s s  f avo red  because  of  t h e  bromine a l r e a d y  p r e s e n t ,  we can 
e s t i m a t e  t h a t  our  r e s u l t s  i n d i c a t e  a p r e f e r e n c e  of  t e r t i a r y  over  
s e c o n d a r y  t h a t  i s  ro u g h ly  50 t im es  t h e  v a l u e  t o  be e x p e c t e d .  In  
o t h e r  words ,  t h e r e  must  be a p p r e c i a b l e  a s s i s t a n c e ,  pr esum ably 
from t h e  b r id g e d  bromine r a d i c a l .  S ince  t h i s  a s s i s t a n c e  must come
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d u r in g  t h e  a b s t r a c t i o n  o f  t h e  hydrogen ,  we would need t o  p o s t u l a t e  





R e a c t i o n  p r o g r e s s
2
T his  i s  i n  keep ing  w i t h  S k e l l ' s  i d e a  t h a t  s t e r e o c h e m i c a l  i n t e g r i t y  i s
m a i n t a i n e d  d u r in g  t h e  r e a c t i o n  th ro u g h  t h e  a s s i s t a n c e  t o  t h e  d e p a r t u r e
of  t h e  hydrogen  by t h e  f o r m a t i o n  of  t h e  b r i d g e d  r a d i c a l ,  which th en
p e r s i s t s  u n t i l  r e a c t i o n  w i t h  m o l e c u l a r  h a lo g e n  s u b s e q u e n t l y  o c c u r s .
32F r e d r i c k s  and Tedder  emphasize t h a t ,  c o n t r a r y  t o  p a s t  
a s s u m p t io n s ,  t h e  hydrogens  on an. a l r e a d y - h a l o g e n a t e d  ca rbon  a r e
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c o m p a r a t i v e l y  e a s i l y  a b s t r a c t e d  by c h l o r i n e  o r  b rom ine ,  so t h a t  
p r im a ry  h a l o g e n a t i o n  might  w e l l  have been  e xpe c te d  i n  our  e x p e r i m e n t s .  
The f a c t  t h a t  f o r m a t i o n  of  d ih a l o m e t h y l  p r o d u c t s  was a p p a r e n t l y  not  
s i g n i f i c a n t  f u r t h e r  emphas izes  t h e  l i k e l i h o o d  t h a t  b r i d g i n g  occurs  
as  d e s c r i b e d  above .
I n  the  c h l o r i n a t i o n  r e a c t i o n s ,  i t  was no t  p o s s i b l e  t o  
o b t a i n  good s e p a r a t i o n  of  the  p r o d u c t s  by d i s t i l l a t i o n ,  a t t e m p t s  t o  
acco m p l i s h  p r e p a r a t i v e  gas  ch rom a tog raph ic  s e p a r a t i o n  were c o m ple te ly  
u n s u c c e s s f u l ,  and column chromatography w i t h  a lumina  l i k e w i s e  f a i l e d .  
T h e r e f o r e ,  a t  no t ime was a pure  component f rom th e  r e a c t i o n  m ix tu re  
a v a i l a b l e  f o r  a n a l y s i s ,  and i t  was i m p o s s ib l e  t o  g e t  an " uncom pl ic a te d"  
nmr spec t rum .  The g e n e r a l  p a t t e r n  of  nmr d a t a  f rom a l l  t h e  f r a c t i o n s  
checked,  however,  was e s s e n t i a l l y  t h e  same, even  though th e  r a t i o s  of  
hydrogens  a t  p : s : t  p o s i t i o n s  v a r i e d  c o n s i d e r a b l y  i n  some i n d i v i d u a l  
f r a c t i o n s .  Th is  p a t t e r n  i n c l u d e s  a broad "hump" c e n te r e d  a t  abou t  
6 4 .4 4 -4 .4 8 .  Presumably  t h i s  s i g n a l  was due t o  t h e  p r o to n s  a t t a c h e d  
t o  c h l o r i n a t e d  r i n g  c a r b o n s . *  A m u l t i p l e t  ( a p p r o a c h in g  a s i n g l e t ,  
t h e  h i g h e r  the  r a t i o  of  t e r t i a r y  c h l o r i d e  p r e s e n t )  has  i t s  main 
s p ik e  c e n t e r e d  a t  6 3 .6 8 -3 .7 1 .  There i s  a l s o  an  i r r e g u l a r  m u l t i p l e t  
which seems t o  be a p e r t u r b e d  form of  the  o r i g i n a l  ^CHCH^Br p r o to n
* The s i g n a l  f o r  >CHCjJ i n  c h lo r o c y c lo h e x a n e  i s  a t  
6 3.95 , which i s  e s s e n t i a l l y  t h e  same as  t h a t  f o r  a l i p h a t i c  ^CHCA,
w h ich  S i l v e r s t e i n  and Bassler24 t a b u l a t e  a t  6 4 . 0 .  Other  s u b s t i t u e n t s  
t end  t o  have a marked e f f e c t  on the  chem ica l  s h i f t s  o f  r i n g  p r o t o n s ,  
however .  Thus C o u v i l l o n  found s i g n a l s  f o r  the  p r o t o n s  which ranged 
f rom 6 2 .5 -6 .0  i n  s u b s t i t u t e d  c y c lo o c t a n e s 3 4 .
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d o u b l e t ,  b e in g  c e n t e r e d  a t  a p p r o x i m a t e ly  6 3 .3 0 .  (Compare w i t h
nmr T - 4 ) .  T h i s  r e p r e s e n t s  a downf ie ld  s h i f t  of  a bou t  6 Hz f o r  t h i s
peak .  The g e n e r a l  shape o f  t h e  m u l t i p l e t  f o r  t h e  r i n g  methylene
p r o t o n s  has  changed t o  a r a t h e r  sym m etr ic a l  peak of  i n c r e a s e d  h e i g h t .
The b e s t  examples  which show t h e  s i n g l e t  f o r  e x o c y c l i c
methy lene  ( t e r t i a r y  c h l o r i d e )  a r e  nmr s p e c t r a  T -15 -a  and T - 1 5 -b .
The fo rmer i s  a spec t rum  o f  a sample s e p a r a t e d  on a s p in n i n g  band
column.  The c h l o r i n a t i o n  run  inv o lv e d  w i t h  t h i s  sample was one i n
which s u l f u r y l  c h l o r i d e ,  r a t h e r  t h a n  e l e m e n t a l  c h l o r i n e ,  was used
a s  t h e  c h l o r i n a t i n g  a g e n t .  The s u l f u r y l  c h l o r i d e  r e a c t i o n  was
35su g g e s t e d  by Kharasch and Brown a s  a p a r t i c u l a r l y  good way t o  
c h l o r i n a t e  hyd roca rbons  w i t h  b e t t e r  c o n t r o l  of  t h e  e x t e n t  of  
c h l o r i n a t i o n .  The sequence o f  r e a c t i o n s  i s :
0 - CO-0 0 - CO-0  > 2 0 * +  2 C02
0 *  + so2c42 ----------->  - s o 2c^ + 0C4
* S02CA --------- >  S02 + C£ *
Cjt • + R-H ---------^  HCjJ + R*
R* + S02CA2   ^  RCA + *S02C4
The c h l o r i n a t i o n  may be c a r r i e d  ou t  i n  t h e  d a rk  w i t h  good y i e l d s  
of  m o n o c h l o r in a t i o n  p r o d u c t s .  I t  i s  s u g g e s t e d  t h a t  i n  f u t u r e  s t u d i e s  
t h i s  r e a c t i o n  would be t h e  more u s e f u l  one f o r  emphasi s  on p r o d u c t  
i d e n t i f i c a t i o n ,  b u t  t h a t  s lo w er  p h o t o i n i t i a t e d  c h l o r i n a t i o n  by 
e l e m e n t a l  c h l o r i n e  would be more s u i t a b l e  f o r  k i n e t i c  s t u d i e s  or
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f o r  s im ply  f o l l o w i n g  t h e  p r o g r e s s  of  t h e  r e a c t i o n .
P r o b a b ly  some of  t h e  most c o n v in c in g  e v id e n c e  f o r  t h e  i n t e r ­
mediacy of  a b r i d g e d  r a d i c a l  was o b t a i n e d  i n  h a l o g e n a t i o n  r e a c t i o n s  
c a r r i e d  o u t  w i t h  t h e  4 - m e t h y l - 1 - h a l o m e t h y l c y c l o h e x a n e s . Compared w i t h  
t h e  1 - h a l o m e t h y lc y c l o h e x a n e s ,  t h e s e  compounds o f f e r  two l e s s  hydrogens  
a t  seconda ry  p o s i t i o n s  and one more a t  t e r t i a r y  p o s i t i o n s ,  so t h a t  one 
would e x p e c t  t e r t i a r y  h a l o g e n a t i o n  n e a r l y  e x c l u s i v e l y .  F u r th e r m o r e ,  
s i n c e  t h e  h a lo g e n  a l r e a d y  p r e s e n t  d e a c t i v a t e s  t h e  a d j a c e n t  p o s i t i o n  f o r  
hydrogen  a b s t r a c t i o n ,  one would e x p e c t  t h a t  h a l o g e n a t i o n  sho u ld  show a 
d e f i n i t e  p r e f e r e n c e  f o r  t h e  p o s i t i o n  p a r a  t o  t h e  h a lo m e th y l  g roup .  I n  
f a c t ,  however ,  t h i s  i s  n o t  found to  be t h e  c a s e .
Once a g a i n ,  o n l y  w i t h  b r o m i n a t i o n s  do we f i n d  r e a l  s e l e c ­
t i v i t y .  With c h l o r i n e  b e i n g  r a t h e r  h i g h l y  d e a c t i v a t i n g  toward t h e  
a d j a c e n t  p o s i t i o n ,  t h e  f a c t  t h a t  4 - m e t h y l - l - c h l o r o m e t h y l c y c l o h e x a n e  
y i e l d s  p r e d o m in a n t ly  4 - m e t h y l - l - b r o m o - l - c h l o r o m e t h y l c y c l o h e x a n e  c e r ­
t a i n l y  i n d i c a t e s  t h a t  t h e r e  i s  a lower a c t i v a t i o n  ene rgy  in v o lv e d  
h e r e  t h a n  i n  t h e  f o r m a t i o n  of  l - m e t h y l - l - b r o m o - 4 - c h l o r o m e t h y l c y c l o -
hexane ,  and t h e  on ly  a p p a r e n t  r e a s o n  f o r  such a l o w e r i n g  would be  t h e
36 37f o r m a t i o n  of  a b r i d g e d  c h l o r i n e  r a d i c a l  ’








R e a c t i o n  p r o g r e s s
One u n e x p la i n e d  f e a t u r e  of  t h i s  b r o m i n a t i o n  i s  t h a t  t h e  vpc 
a n a l y s i s  seems t o  i n d i c a t e  t h a t  t h e  r a t i o  of  s e conda ry  t o  p r im a ry  sub­
s t i t u t i o n  i s  s l i g h t l y  h i g h e r  t h a n  i n  b r o m i n a t i o n s  i n v o l v i n g  t h e  unsub­
s t i t u t e d  c h lo r o m e t h y lc y c l o h e x a n e .  Th is  o b s e r v a t i o n  i s  ba sed  on t h e  
r e s u l t s  of on ly  t h r e e  b r o m i n a t i o n  r e a c t i o n s .  Of even more i n t e r e s t  
i n  t h a t  f a c t  t h a t ,  i n  t h e  f i r s t  of  t h e s e  t h r e e  r e a c t i o n s ,  a l l  t he  
b romine  was added a s  t h e  l i q u i d  t o  t h e  i n i t i a l  s t a r t i n g  m a t e r i a l ,  
whereas  i n  t h e  o t h e r  two c a s e s  i t  was i n t r o d u c e d  g r a d u a l l y  by means 
o f  a n i t r o g e n  s t r e a m .  I n  t h a t  f i r s t  r e a c t i o n ,  a s i g n i f i c a n t  amount 
of  t h e  l - b r o m o - l - m e t h y l - 4 - c h l o r o m e t h y l c y c l o h e x a n e  was formed.
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No vpc a n a l y s i s  was made on the  c rude r e a c t i o n  m i x t u r e ,  bu t  
d i s t i l l a t i o n  a c t u a l l y  y i e l d e d  more o f  t h e  l - b r o m o - l - m e t h y l - 4 - c h l o r o -  
m ethy lcyc lohexane  t h a n  of  the  i s o m e r i c  4 - m e t h y l - 1 - b r o m o - l - c h l o r o ­
m e th y lc y c lo h e x a n e .  The nmr spec t rum  of  the  fo rmer (T-12) i s  somewhat 
c o m p l i c a t e d ,  and i t  i s  v e r y  o b v i o u s l y  a m i x t u r e .  On t h e  o t h e r  hand,
t h e  nmr spec t rum  of t h e  l a t t e r  i somer  ( T - l l )  i s  t h a t  o f  a f a i r l y  pure
sample .  Comparing i t  w i t h  t h e  nmr spec t rum  of  t h e  s t a r t i n g  c h l o r i d e  
( T - 8 ) ,  one s e e s  t h a t  t h e  m ethylene  d o u b l e t *  a t  6 3 .3 3  has  s h i f t e d  
a s  a s i n g l e t  t o  6 3 . 8 9 ,  wh ich  c o r r e s p o n d s  e x a c t l y  t o  t h e  e f f e c t
w i t h  t h e  non -m e th y la te d  compound.
Even though nmr T-12 i s  t h e  spec t rum  o f  a m ix t u r e ,  and 
no t  a l l  o f  i t s  peaks can be a s s i g n e d ,  i t  i s  w o r th  n o t i n g  t h o se  
a s s ig n m e n t s  which do seem p r o b a b l e .  The m u l t i p l e t  c e n t e r e d  a t  
6 3 .4 5  i s  a s s i g n e d  to  CI^CA p r o to n s  i n  a p r o d u c t  o f  r i n g  b r o m i n a t i o n .  
T h is  r e p r e s e n t s  a dow nf ie ld  s h i f t  o f  a bou t  10 Hz from th e  CJ^CX, 
p r o t o n s  of  the  s t a r t i n g  m a t e r i a l ,  a g a i n  i l l u s t r a t i n g  the  e f f e c t  of 
h a lo g e n  on an a d j a c e n t  c a rb o n .  The broad peak a t  6 4 .7 3  would 
c o r r e sp o n d  t o  the  >CHBr p r o t o n s ,  which would n o r m a l ly  f a l l  a t  
6 4 . 1 0 ,  bu t  would be f u r t h e r  s h i f t e d  by e l e c t r o n i c  i n t e r a c t i o n  w i t h  
t h e  c h l o r i n e  of  the  c h lo ro m e th y l  g roup .  The r e a l l y  d e c i s i v e  f e a t u r e
* The a p pearance  o f  t r i p l e t  c h a r a c t e r  h e re  i s  d o u b t l e s s  due 
t o  t h e  o v e r l a p p i n g  o f  a p a i r  of  d o u b l e t s  a r i s i n g  from t h e  f a c t  t h a t  
we a r e  d e a l i n g  w i t h  a m ix tu re  o f  t h e  c i s -  and t r a n s -  fo rm s .  In  
d e c o u p l i n g  e x p e r i m e n t s ,  t h e s e  two d o u b l e t s  were c o l l a p s e d  t o  two 
s i n g l e t s .  The ch lo ro m e th y l  s u b s t i t u e n t  would most  l i k e l y  be e q u a t o r i a l ,  
b u t  t h e  methy l  group might  be e i t h e r  a x i a l  o r  e q u a t o r i a l .
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of  t h e  nmr spec t rum  f o r  t h e  l - b r o m o - l - m e t h y l - 4 - c h l o r o m e t h y l c y c l o h e x a n e  
i s  t h e  dow n f i e ld  s h i f t  ( c a .  64 Hz) of  t h e  o r i g i n a l  4 -m e thy l  d o u b l e t  
(now a s i n g l e t )  to  6 1 . 9 9 ,  due t o  t h e  d e s h i e l d i n g  e f f e c t  i n t r o d u c e d  
by t h e  bromine now on t h e  a d j a c e n t  c a rbon .
When 4 -m e th y l - l - b ro m o m e th y lc y c lo h e x a n e  (T—5) was b r o m i n a t e d ,  
so f a r  a s  t e r t i a r y  s u b s t i t u t i o n  was c o n c e rn e d ,  t h e  bromine  went  
e x c l u s i v e l y  to  t h e  1 - p o s i t i o n ,  y i e l d i n g  o n ly  4 - m e t h y l - l - b r o m o - l -  
b rom om ethy lcyc lohexane . F r a c t i o n  w e i g h t s  were n o t  o b t a i n e d ,  b u t  
t h e  y i e l d  ( e s t i m a t e d  from sample v a l u e s  and vpc p l o t s )  of  monobromo 
compound was a p p r o x i m a t e ly  20%. Note t h a t  t h e  che m ica l  s h i f t s  (T-13)  
f o r  t h e  m e thy le ne  p r o t o n s  a r e  i d e n t i c a l  (6 3 .8 9 )  w i t h  t h o s e  f o r  t h e  
dibromo and t h e  b romochlo ro  compounds.
Again t h e  c h l o r i n a t i o n s  of  t h e  bromide a r e  so n o n - s e l e c t i v e  
t h a t  t h e  r e a c t i o n  m i x t u r e  was much too complex t o  o f f e r  much in fo r m a ­
t i o n .  Two f e a t u r e s  a r e  a p p a r e n t ,  however ,  n e i t h e r  of  which i s  r e a d i l y  
e x p l a i n e d .  F i r s t  o f  a l l ,  t h e  vpc a n a l y s i s  (T-16) seems to  i n d i c a t e  
t h a t  m onoha logena t ion  y i e l d s  a p p ro x i m a t e ly  e q u a l  amounts of  se conda ry  
and t e r t i a r y  c h l o r i d e s ,  and t h i s  would seem to  be e x t r e m e ly  u n l i k e l y  
w i t h  two t e r t i a r y  p o s i t i o n s  a v a i l a b l e .  S econd ly ,  a l t h o u g h  t h e  nmr 
s p e c t r a  a r e  v e r y  c o m p l i c a t e d * ,  i t  i s  r e a d i l y  a p p a r e n t  t h a t  t h e
* Nmr T-16 i s  t h e  spec t rum  of  one c ru d e  r e a c t i o n  m i x t u r e ,  
whereas  T -16 -a  i s  t h e  spec t rum  of  one d i s t i l l a t i o n  f r a c t i o n  from 
a n o t h e r  r u n .  The l a t t e r  seems d e f i n i t e l y  to  c o n t a i n  t h e  p a r a -  
c h l o r i n a t e d  p r o d u c t .
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4 -m e thy l  d o u b l e t  has  be en  s h i f t e d  d o w n f i e l d ,  wh ich would seem to
de n o te  s u b s t i t u t i o n  of  c h l o r i n e  on t h e  ca rbon  p a ra  t o  the  bromo-
m e t h y la t e d  c a rb o n .  I t  i s  p o s s i b l e  t h a t  t h i s  s u b s t i t u t i o n  i s  the  case
and t h a t  t h e  c h lo r o  i somer  t h u s  formed has  t h e  same r e t e n t i o n  t ime
as  do the  s e conda ry  monochloro d e r i v a t i v e s .  I n  the  l i g h t  of  t h e  f a c t
t h a t  t h e  c o r r e s p o n d in g  bromo compound had a much l o n g e r  r e t e n t i o n
t im e ,  and a l s o  t h a t  b o t h  t h e  l - b r o m o - l - m e t h y l - 4 - c h l o r o m e t h y l c y c l o h e x a n e
and th e  l - c h l o r o - l - m e t h y l - 4 - b r o m o m e t h y l c y c l o h e x a n e  seem t o  have
much h i g h e r  b o i l i n g  p o i n t s  t h a n  do the  c o r r e s p o n d i n g  4 - m e t h y l - 1 - h a l o -
compounds, the  pa ra  s u b s t i t u t i o n  would seem t o  be most u n l i k e l y .
I t  i s  v e r y  a p p a r e n t  t h a t  t h i s  c h l o r i n a t i o n  r e a c t i o n  needs a g r e a t
d e a l  more s tu d y ,  and s p e c i f i c a l l y ,  t h e  most i m p o r t a n t  a s p e c t  o f  the
s t u d y  w i l l  be the  p roblem of  d e v e lo p i n g  a good method of  s e p a r a t i o n
o f  t h e  v a r i o u s  i som ers  which a r e  formed.
By way of  o b t a i n i n g  f u r t h e r  c o n f i r m a t i o n  of  t h e  p o s i t i o n a l
r e l a t i o n s h i p s  of  t h e  bromine and c h l o r i n e  atoms i n  t h e  h a lo g e n a t e d
h a l o m e t h y l c y c l o a l k a n e s ,  t h e  c o r r e s p o n d in g  d e r i v a t i v e s  were sought
by  o t h e r  r o u t e s .  The s i m p l e s t  o f  t h e s e  was t h e  a d d i t i o n  of  bromine
c h l o r i d e  t o  m e t h y l e n e c y c l o a l k a n e s .  A number of  s p e c i f i c  p r e p a r a t i o n s
38 39 40o f  t h i s  i n t e r h a l o g e n  compound have been  r e p o r t e d  ’ ’ , b u t  B a r r a t t
41and S t e i n  r e p o r t  t h a t  when e qu im o la r  amounts of  bromine and c h l o r i n e
a r e  d i s s o l v e d  i n  carbon  t e t r a c h l o r i d e ,  t h e r e  i s  formed an e q u i l i b r i u m
42m ix t u re  c o n t a i n i n g  abou t  507. BrCA. Popov and Mannion l a t e r  made 
a more e x t e n s i v e  s t u d y ,  and found the  BrC& t o  be 43.27. d i s s o c i a t e d
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i n  such  a s o l u t i o n .  S in c e  bromine  c h l o r i d e  i s  p o l a r ,  one m igh t  ex­
p e c t  a normal  a d d i t i o n  t o  m e th y le n e c y c lo h e x a n e  t o  g i v e  1 - c h l o r o - l -  
b romom ethy lcyc lohexane .  On t h e  o t h e r  hand ,  one m igh t  a l s o  e x p e c t  
t h a t  t h e  e l e c t r o p h i l i c  bromine  i n  BrC£ would behave  l i k e  t h e  e l e c t r o -  
p h i l i c  bromine  of  hypobromous a c i d ,  and HOBr has  been  r e p o r t e d ^ ’ ^ ’^
t o  add t o  m e t h y l e n e c y c l o a l k a n e s  w i t h  abnormal  o r i e n t a t i o n  i n  t h e
44f i n a l  p r o d u c t .  S i m i l a r l y ,  P u te rb a u g h  and Newman showed t h a t  ad­
d i t i o n  of  BrOMe to  neohexene  g i v e s  abnormal  o r i e n t a t i o n .
When a d d i t i o n s  of  BrCft t o  m e th y le n e c y c lo h e x a n e  were c a r ­
r i e d  o u t ,  i n  e ve ry  c a s e ,  t h e  p r o d u c t  was a m i x t u r e ,  and t h e  nmr 
s p e c t r a  i n d i c a t e d  two p r i n c i p a l  p r o d u c t s ,  one c h a r a c t e r i z e d  by a 
d o u b l e t  a t  6 3 . 8 9 ,  and t h e  o t h e r  by a s i n g l e t  a t  6 3 .63  ( s e e  nmr 
T - 1 0 - c ) ,  w i t h  t h e  l a t t e r  i n  e x c e s s  of  t h e  fo rm er  by a f a c t o r  v a r y ­
ing  from abou t  1 - 1 / 4  -  2 . By compar ison  t o  t h e  spec t rum  of  t h e  
major  p r o d u c t  f rom c h l o r i n a t i o n  of  b romom eth y lcyc lohexane ,  t h e  
s i n g l e t  may b e  a s s i g n e d  t o  t h e  m e th y le n e  p r o t o n s  of  1 - c h l o r o - l -  
b rom om e thy lcyc lohe xane . The d o u b l e t  ha s  a v e r y  s m a l l  s e p a r a t i o n  
( c a .  1 Hz) ,  and i n  a l l  p r o b a b i l i t y  i s  a c t u a l l y  an o v e r l a p p i n g  of  
two s i n g l e t  p e a k s — t h e  m e th y le n e  p r o t o n s  of  1 - b r o m o - l - c h l o r o -  
m e th y lc y c lo h e x a n e ,  and t h o s e  o f  1 -b rom o- l -b rom om e thy lc yc lohe xa ne  
( s e e  nmr T - 2 0 ) , due t o  t h e  a d d i t i o n  of bromine  i t s e l f .
Th i s  b e h a v i o r  im m ed ia te ly  r a i s e s  t h e  q u e s t i o n  ab o u t  an 
a p p a r e n t  d i f f e r e n c e  i n  o r i e n t a t i o n  be tween  t h e  a d d u c t s  f rom such  
s i m i l a r  addends a s  BrC& and BrOH, so an  a t t e m p t  was made t o  r e l a t e
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t h e  p re c e d in g  h a l o g e n a t i o n  r e a c t i o n s  t o  t h e  a d d i t i o n s  o f  BrOH to  
m e th y le n e c y c lo h e x a n e .  I f  the  l a t t e r  i s  indeed  abnorm al ,  as  P a s c u a l ,  
B a i r d ,  and Traynham have i n d i c a t e d :
!H„ + BrOH
t h e n  t r e a t m e n t  of  t h e  p r o d u c t  w i t h  t h i o n y l  c h l o r i d e  shou ld  y i e l d  
t h e  1 - b ro m o - l - c h l o r o m e th y l c y c l o h e x a n e .  When such an expe r im en t  
was c a r r i e d  o u t ,  t h e  nmr spec t rum  a g a i n  i n d i c a t e d  a p r o d u c t  m ix tu re  
of  two p r i n c i p a l  components i n  a r a t i o  of  abou t  4 : 3 ,  t h e  former  
w i t h  a sha rp  s i n g l e t  c o r r e s p o n d in g  t o  t h e  m ethy lene  p r o to n s  of  
1 - b ro m o - l - c h l o ro m e th y l c y c l o h e x a n e  (nmr T - 1 0 - d ) .  The o t h e r  component 
was u n r e a c t e d  bromohydr in ,  wh ich  f a c t  was conf irmed by th e  a d d i t i o n  
of  some more o f  t h e  o r i g i n a l  bromohydr in  t o  t h e  nmr tube  and n o t i n g  
th e  change i n  r a t i o s  of  t h e  p e a k s - - 1 7 : 1 3 : 1 4 4  t o  1 4 :1 8 :1 5 0 .  (The peak 
a t  6 5 .83  in  T-10-d  has  no t  been a s s i g n e d ) .
I n  s p i t e  of  the  f a c t  t h a t  up t o  t h i s  p o i n t  the  p r o d u c t  of  
hypobromous a c id  a d d i t i o n  t o  m e th y le ne c yc lohe xa ne  seemed u n q u e s t i o n a b l y  
t o  be t h e  l - b r o m o - l -h y d r o x y m e t h y lc y c lo h e x a n e ,  s t i l l  i t  was dec ided  
to  c o n f i rm  t h i s  f a c t  f u r t h e r  by p r e p a r i n g  th e  i s o m e r i c  b romohydr in .  
Inasmuch a s  Brown's  oxym erc u ra t ion  p r o c e d u r e ^  was shown t o  g ive  
e x c l u s i v e l y  t h e  t e r t i a r y  a l c o h o l  w i t h  m e th y le n e c y c lo h e x a n e ,  i t  was 
r ea s o n e d  t h a t  t h e  b r o m i n a t i o n  of  t h e  a ce toxym ercu ry  i n t e r m e d i a t e
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should y i e l d  1 - b r o m o m e t h y l - l - c y c l o h e x a n o l :




The s y n t h e s i s  was c a r r i e d  out  as  d e s c r i b e d  in  the  e x p e r im e n ta l  
s e c t i o n  of  t h i s  d i s s e r t a t i o n ,  b u t  n o t  u n t i l  t h e  1 - m e t h y l - l - c y c l o h e x a n o l  
had f i r s t  been s y n t h e s i z e d  t o  c on f i rm  t h e  o r i e n t a t i o n .  The nmr spec t rum  
of  the  l a t t e r  (T-22) has  a s h a rp  s i n g l e t  a t  6 1 . 1 7 ,  which  i s  a s s i g n e d  
t o  the  methyl  p r o t o n s ,  and a s i g n a l  f o r  t h e  hydroxy l  p r o to n  a t  6 3 . 5 4 .
Only a poor  y i e l d  o f  t h e  bromohydr in was o b t a i n e d  by t h i s  
ox y m erc u ra t io n  p r o c e d u r e ,  and the  c r y s t a l s  which  were f i n a l l y  r ec o v e red  
were found ,  by mixed m e l t i n g  p o i n t  and by compar ison  of  t h e i r  nmr 
s p e c t r a  (T-23-a  & b ) * ,  t o  be i d e n t i c a l  w i t h  t h o s e  formed by a d d i t i o n  of 
BrOH. Th is  i d e n t i t y  i s  indeed  ha rd  t o  e x p l a i n ,  s in c e  the ev idence  
f o r  the  s t r u c t u r e  of  t h e  a d d i t i o n  p r o d u c t  o f  BrOH t o  m e t h y le n e c y c lo ­
hexane seems so s t r o n g ,  and y e t  the  ox y m erc u ra t io n  p roce du re  i s  such 
a s p e c i f i c  one .  F u r t h e r  t e s t s  of  the  a d d i t i o n  p r oduc t  were then
* a - A d d i t i o n  of  HOBr
b - Oxymercura t ion  and b r o m i n a t i o n .
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c e n t e r e d  around th e  c l a s s i f i c a t i o n  o f  the  hydroxy l  g roup .  Both
18 19R o s e n t h a l e r ' s and R i t t e r ' s  t e s t s  were c a r r i e d  o u t ,  and b o th
i n d i c a t e d  t h a t  the  hyd roxy l  was t e r t i a r y .  An nmr spec t rum  of  the
sample d i s s o l v e d  i n  d^-DMSO (T -2 3 - a " )  was a l s o  r u n  t o  see i f  ao
45s p l i t t i n g  p a t t e r n  would show up,  as  d e s c r i b e d  by Chapman and King ,
b u t  no such s p l i t t i n g  was o b t a i n e d .  Here a g a i n ,  though ,  t h e  unusua l
n a t u r e  of  the  bromohydrins  makes t h i s  t e s t  i n d e c i s i v e ,  f o r  Traynham 
46and Knese l  have found t h a t  bromohydrins  a r e  among the  a l c o h o l s  f o r  
which  the  DMSO t e s t  i s  n o t  a lways r e l i a b l e .  F i n a l l y ,  an even more 
r e c e n t  c l a s s i f i c a t i o n  t e s t  i s  t h a t  based  on the  chemica l  s h i f t  found 
i n  t h e  f l u o r i n e  nmr s p e c t r a  of  t r i f l u o r o a c e t a t e s ^ .  I f  the  bromohydrin 
were indeed  a t e r t i a r y  a l c o h o l ,  th en  i t s  t r i f l u o r o a c e t a t e  f l u o r i n e  
a b s o r p t i o n  should show an u p f i e l d  s h i f t  o f  30-36 Hz r e l a t i v e  t o  t h a t  
o f  e t h y l  t r i f l u o r o a c e t a t e .  A l l  a t t e m p t s  t o  p r e p a r e  t h i s  e s t e r  have 
f a i l e d ,  however ,  so t h a t  t h i s  c o n f i r m a t i o n  i s  l i k e w i s e  l a c k i n g .  I t  
i s  a p p a r e n t  f rom t h e s e  s t u d i e s  t h a t  the  o x y m e r c u r a t io n - b r o m i n a t io n  
p rocedu re  f o r  p r e p a r i n g  the  b romohydr in ,  i t s e l f  needs f u r t h e r  
i n v e s t i g a t i o n .  A lso ,  i n  s p i t e  of  t h e  f a c t  t h a t  the  c l a s s i f i c a t i o n  
t e s t s  a p p e a r  t o  c a s t  doubt  on the  abnormal  o r i e n t a t i o n  obse rved  by 
P a s c u a l  d u r in g  the  a d d i t i o n  of  HOBr t o  m eth y le n e c y c lo h e x a n e ,  the  
occurence  of  such abnormal  a d d i t i o n  c e r t a i n l y  seems t o  be confirmed  
by the  h a l o g e n a t i o n  s t u d i e s  d e s c r i b e d  i n  t h i s  d i s s e r t a t i o n . *
* The bromohydrin  was a l s o  p rep a re d  from NBS w i t h  an 
e q u i v a l e n t  amount o f  w a t e r  i n  d r y  DMSO a c c o r d in g  to  the  method of  
D a l t o n ,  H end r ickson ,  and J o n e s 4 / a .  T h e i r  mechanism^7b f a v o r s  the  
f o r m a t i o n  of  p r im ary  a l c o h o l  r a t h e r  t h a n  t e r t i a r y  a l c o h o l .  The 
bromohydr in  o b t a i n e d  c r y s t a l l i z e d  from p e t r o l e u m  e t h e r ,  mel ted  a t  
8 0 . 5 - 8 2 ° ,  and was a p p a r e n t l y  i d e n t i c a l  w i t h  the  bromohydrin  o b t a in e d  by 
r e a c t i o n  of  m e thy lenecyc lohexane  w i t h  anhydrous  hydrogen  bromide i n  CCi^.
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To f u r t h e r  ex tend  t h e s e  h a l o g e n a t i o n  s t u d i e s ,  b o t h  c h lo r o -  
m e t h y lc y c l o o c t a n e  and b r o ra e th y lc y c lo o c ta n e  were s u b j e c t e d  to  
h a l o g e n a t i o n ,  the  bromo compound b e in g  c h l o r i n a t e d  and th e  c h lo r o  
compound b e in g  b r o m in a te d .  Only smal l  amounts were u s e d ,  and no 
e x t e n s i v e  s tu d y  was made, b u t  i t  was o f  i n t e r e s t  t o  n o t e  t h a t  the 
d i h a l o g e n a t e d  p r o d u c t s  were e i t h e r  d e s t r o y e d  o r  t e n a c i o u s l y  he ld  
up by th e  vpc column, f o r  t h e  vpc a n a l y s i s  showed on ly  s t a r t i n g  
m a t e r i a l .  In  b o t h  c a s e s ,  however ,  the  nmr s p e c t r a  showed t h a t  
h a l o g e n a t i o n  had o c c u r r e d .  I n  t h e  b r o ra in a t io n  o f  ch loromethylcyclo«-  
o c t a n e ,  t h e  nmr spec t rum  (T-14) showed ab o u t  357o y i e l d ,  w i t h  r e a s o n a b l y  
" c l e a n "  monobromina t ion.  The sha rp  methylene  s i n g l e t  appeared  a t  
6 3 .87 ( e s s e n t i a l l y  the  same as  r e c o rd e d  f o r  t h e  c o r r e s p o n d in g  
c y c lo h e x y l  compound), and the  i n f l u e n c e  of  t h e  bromine on the  
a d j a c e n t  carbon  caused^ th e  s i g n a l  f o r  the  p r o to n s  a t  c a rbons  2 . and 
8 t o  s h i f t  d o w n f i e ld ,  g i v i n g  r i s e  t o  t h e  b road  m u l t i p l e t  a t  6 2 . 1 - 2 . 3 .
I n  the  absence  o f  vpc  d a t a ,  t h e r e  i s  u n c e r t a i n t y  abou t  o t h e r  s u b s t i t u t i o n ,  
b u t  a t  l e a s t  the  nmr spe c t rum  seems t o  i n d i c a t e  t h a t  t h e  amount of  
s e co n d a ry  s u b s t i t u t i o n  was not  s i g n i f i c a n t .  S ince  the  i n i t i a l  
c h lo r o m e t h y lc y c l o o c t a n e  had a r a t i o  of  14 se co n d a ry  to  1 t e r t i a r y  
hydrogen ,  t h e n  the  f a c t  of  s l i g h t  s e conda ry  s u b s t i t u t i o n  i n d i c a t e s  
a c o n s i d e r a b l e  enhancement  o f  s u b s t i t u t i o n  a t  t h e  t e r t i a r y  p o s i t i o n  
due t o  b r i d g i n g  of  t h e  i n t e r m e d i a t e  r a d i c a l .
Again,  v i r t u a l l y  no i n f o r m a t i o n  was o b t a i n e d  from the
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c h l o r i n a t i o n  of  b rom om e thy lcyc looc ta ne .  As p o i n t e d  ou t  i n  the  
e x p e r i m e n t a l  s e c t i o n ,  t h e  f a i l u r e  of  the  vpc  t o  d e t e c t  any change led  
t o  e x t e n s i o n  of  the  c h l o r i n e  t r e a t m e n t  t o  t h e  p o i n t  a t  which so much 
c h l o r i n a t i o n  had been  a c h ie v e d  t h a t  the  nmr spe c t rum  was u s e l e s s  f o r  
i n t e r p r e t a t i o n .  F u r t h e r  s t u d i e s  a r e  needed h e re  t o  a s c e r t a i n  what 
vpc column would be s u i t a b l e  f o r  use  w i t h  the  h a lo g e n a t e d  c y c l o o c t a n e s .
I n  c o n c l u s i o n ,  t h i s  s t u d y  i n d i c a t e s  t h a t  i n  h a l o g e n a t i o n  
o f  h a l o m e t h y l c y c l o a l k a n e s , t h e r e  i s  d e f i n i t e  p a r t i c i p a t i o n  by the  
h a lo g e n  i n i t i a l l y  p r e s e n t  i n  the  m o le c u le .  P resumably t h i s  
p a r t i c i p a t i o n  o c c u r s  t h ro u g h  a b r i d g i n g  o f  the  h a lo g e n  t o  the  
t e r t i a r y  ca rbon  d u r i n g  th e  t r a n s i t i o n  s t a t e ,  t h u s  low e r in g  th e  
e n e rg y  r e q u i r e m e n t  f o r  a b s t r a c t i o n  o f  the  hydrogen .  The n e t  r e s u l t  
i n  the  case  of  c h l o r i n a t i o n  of  b romomethylcyc lohexane  i s  abou t  a 
5 0 - f o l d  i n c r e a s e  i n  t h e  p r e f e r e n c e  f o r  t e r t i a r y  over  se conda ry  
s u b s t i t u t i o n  r e l a t i v e  t o  t h a t  ex p e c t e d  f o r  u n a s s i s t e d  h a l o g e n a t i o n .
The o t h e r  h a l o g e n a t i o n s  c a r r i e d  out  l i k e w i s e  showed enhanced 
p r e f e r e n c e  f o r  the  t e r t i a r y  s u b s t i t u t i o n .  In  a d d i t i o n  t o  t h i s  
e v i d e n c e ,  i n  c h l o r i n a t i o n s  of  bromom ethylcyclohexane  t h e r e  was a 
sm a l l  b u t  s i g n i f i c a n t  amount of  r e a r r a n g e m e n t  l e a d i n g  t o  p r im ary  
bromide and t e r t i a r y  c h l o r i d e  i n  the  p r o d u c t ,  and such r ea r r a n g e m e n t  
can  be e a s i l y  e x p l a i n e d  o n ly  i n  terms of  a b r id g e d  i n t e r m e d i a t e .
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Appendix  I
I n f r a r e d  S p e c t r a
A l l  IR s p e c t r a  were o b t a in e d  w i t h  a P e rk in -E lm e r  Model 
137 I n f r a r e d  S p e c t r o p h o t o m e te r ,  s c ann ing  a t  s low speed .
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SPECTRUM NO. T -  1 STRUCTURE
SAMPLE C y c lo h e x an e m eth a n o l
^CH gOH
SOURCE Dow Chem ica l  Co. REMARKS
\ __/
PHASE Neat  l i q u i d
NaCl p l a t e s



















































SPECTRUM NO. T -  3 STRUCTURE
SAMPLE C y c l o o c t a n e m e t h a n o l
/  NyCHgOH
SOURCE A l d r i c h  1 1 ,2 2 3 - 2 REMARKS
\  /
PHASE N e a t  l i q u i d
NaCl p l a t e s





















SPECTRUM NO. t - * STRUCTURE
SAMPLE Brom om ethy lcyc lohexane
SOURCE 4 - wh- i 6 7-3
.. . CHoBr
REMARKS < 3
PHASE N e a t  l i q u i d
NaCl p l a t e s
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N a d  plates
(Not very pure.)






















SPECTRUM NO. T - 15 STRUCTURE
/  \ ? C1




4 0 0 0  3 0 0 0  2 0 0 0  1500 CM-I 1000 9 0 0  8 0 0  7 0 0

















SPECTRUM NO. T - 18 STRUCTURE
SAMPLE Methylenecyclohexane (  V=CH2
SOURCE Aldrich 11,101-5 REMARKS
PHASE Neat liquid
0.05 ™  cell




I - 2 0












SPECTRUM NO. t - 19 STRUCTURE
SAMPLE Methylenecyclodecane
SOURCE
C O ' " '
REMARKS
PHASE Neat liquid
0 .0 5 mm. c^ii 
(Origin and purity unknown.)






















REMARKS 0.035 mm. cell
PHASE Neat liquid (750-770 band due to chloroform impurity.) (Compare Sadtler Index 11911)






W A V E L E N G T H  ( MI CR ONS)
-
o :o -
l i i m ;oc •
3 </> O :H * O ■
o o: O3 <(T



























































o> 30NVll l lMSNVdl
















N u c lea r  M agnetic  Resonance S p e c tra
A l l  nmr s p e c t r a  were o b ta in e d  on a V a r ia n  A-60A A n a l y t i c a l  
NMR S p e c tro m e te r ,  w i th  t e t r a m e t h y l s i l a n e  (TMS) a s  i n t e r n a l  r e f e r e n c e  
and a s s ig n m en ts  a re  g iv en  as  6 v a lu e s .  I n  e v e ry  c a s e ,  th e  sweep w id th  
was 500 Hz, the  sweep tim e was 500 se co n d s ,  and th e  te m p e ra tu re  was 
40°C. None of th e s e  compounds showed any a b s o r p t io n  dow nfie ld  from 
6 6 .5 .
Fewer th a n  h a l f  of t h e s e  s p e c t r a  were tak e n  w i th  samples 
c o n s i s t i n g  o f  a s in g l e  component. A l l  o f  th o se  s p e c t r a  which 
in v o lv e  m ix tu re s ,  however, a re  so i d e n t i f i e d  and a re  d i s c u s s e d  in  
th e  D is c u s s io n  o f  R e s u l t s . The s t r u c t u r e  and a ss ig n m e n ts  shown on 
th e  spec trum  i t s e l f  r e f e r  to  t h a t  p a r t i c u l a r  component o f  th e  m ix tu re  
w hich  i s  p a r t i c u l a r l y  p e r t i n e n t  t o  th e  d i s c u s s i o n .
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Appendix I I I  
Vapor Phase Chromatograms
A l l  v a p o r  phase  chromatograms were ta k e n  on a Beckman 
GC-5 Gas Chrom atograph, em ploying a hydrogen  flam e d e t e c t o r .  The 
columns u t i l i z e d  were e i t h e r  a 6 fo o t  S i l i c o n e  SE-30, o r  a 10 f o o t  
Carbowax 20M column.
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VITA
W a ll i s  G a r t s i d e  H ines  was b o rn  i n  C h icago , I l l i n o i s  on 
F e b ru a ry  2 , 1919, t h e  f i f t h  of t e n  c h i l d r e n  o f  Dr. and M rs. H e rb e r t  
Waldo H in e s .  He a t t e n d e d  S t u a r t  E lem en ta ry  School i n  S p r i n g f i e l d ,  
I l l i n o i s ,  and was g ra d u a te d  from S p r i n g f i e l d  High School i n  1935.
A f t e r  co m p le t in g  two y e a r s  of p r e - m e d ic a l  t r a i n i n g  a t  t h e  U n i v e r s i t y  
o f  I l l i n o i s ,  he  went on to  r e c e i v e  th e  d e g re e  o f  B a c h e lo r  of S c ie n c e  
i n  A p p lied  S c ie n c e  (m ajor  i n  c h e m is t ry )  a t  M ich igan  S t a t e  C o l le g e  i n  
1941. In  1943, he m a r r ie d  Grace E l i z a b e th  M in to ,  and th e y  have t h r e e  
c h i l d r e n —W a l l i s ,  J r . ,  John  P a u l ,  and Nancy K a th e r in e .
F o l lo w in g  two y e a r s  o f  i n d u s t r i a l  work a s  a  c h e m is t  and two 
y e a r s  o f  combat s e r v i c e  d u r in g  World War I I ,  he r e t u r n e d  to  M ich igan  
S t a t e  C o l le g e  and e a rn e d  t h e  M aste r  o f  S c ie n c e  d e g re e  i n  O rgan ic  
C hem is try  i n  1948. F iv e  more y e a r s  of i n d u s t r i a l  e x p e r ie n c e  p rec e d e d  
h i s  e n t r y  i n t o  th e  f i e l d  o f  c o l l e g e  t e a c h in g .  S in ce  Sep tem ber,  1953, 
he has  t a u g h t  c h e m is t ry  a t  A uro ra  C o l l e g e ,  A u ro ra ,  I l l i n o i s ,  w here he 
s e r v e s  a s  P r o f e s s o r  o f  C hem is try  and Head of t h e  D epa r tm en t .
D uring  th e  summer o f  1962, t h e  a u th o r  began s t u d i e s  l e a d in g  
to  th e  Ph.D . d e g re e  a t  L o u i s ia n a  S t a t e  U n i v e r s i t y  a s  a c o l l e g e  t e a c h e r  
i n  a N a t io n a l  S c ie n c e  F o u n d a t io n  r e s e a r c h  p a r t i c i p a t i o n  p rogram . Th is  
work was c o n t in u e d  th ro u g h  t h r e e  more summers and c u lm in a te d  i n  15 
months c o n t in u o u s  r e s i d e n c e  on th e  Baton Rouge campus, which p e r m i t t e d  
him t o  com ple te  t h e  work d e s c r ib e d  i n  t h i s  d i s s e r t a t i o n .
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